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M.D., Couis B. Horman, M.D., anb ManueL R. Gomez, M.D. 

The Postnatal Development of the Sphenoidal Sinus and Its Spread into the 
Dorsum Sellae and Posterior Clinoid Processes. B. Vipic, Dn. STOM. 

The Intersphenoid Synchondrosis. Cuas. E. SHoprner, M.D., Teo W. 
WorrE, M.D., anp RicHarp T. O’Ke tt, M.D. "Hn 

The Lateral Projection in Tomography of the Petrous Pyramid. Gus A 
Porter, M.D. 

Pibromauscular Dysplasia and Other tanai Diseases of the Cervical 
Carotid Artery: Angiographic Aspects. O. Wayne Houser, M.D., AND 
HILLIER L BAKER, Jr., M.D. 

The Diagnostic Value of Gasmyelography. SIGURD W ENDE, AND KARLHEINZ 
BEER E 3 

Antisy phoning Seals for Angiogs apie Fittings. FRED SHIP PS, M.D. 

Stereoangiography; A Simple System. E. Raven Heinz, M. D. 

Teflon-Coated Safety Guides; An Adjunct to the Use of Polyurethane Cathie. 
ters. MELviN P. Jupxins, M.D., Vincent C. Hinck, M.D., AND 
CuanLEs T. Dotrer, M.D. 

An Integrated System for Angiographic Pi nadine’: F RED C Supp PS, M. D. 

Officers 

Editorial 
The Availability of Neuroradiology. Corin B. Horman, M.D. 
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Book Review 

Books Received 

Society Proceedings 

Abstracts of Radiological Literature 





How 

do you 
pula 

orice tag on 


eadership 


We don'tknow. That's why our prices are competitive 

.even though we're the largest Film Badge 
Service in the nation, and the acknowledged leader 
in the field of radiation safety. 

But we don't charge a premium for leadership. 
We pay a price. We work harder . . . at innovation, 
research, customized service. Some people call this 
the penalty of leadership. 

We consider it a privilege. 

We're not only experts, we're zealots and crusaders 
in the field of radiation. safety. Thats why we 
pioneered personnel dosimetry. How we became 
the leader. 

And we're sure that we'll never lose our leadership 
if we keep on setting standards and criteria for the 
entire field. It will just naturally follow. It always has. 

We'd like to show you why. 


| 
x R.S. 
JR. & CO. 


World's largest professional service for radiation dosimetry 


REGIONAL OFFICES 
Eastern Midwestern Western 
103 Bayard Street 3920—216th Street 10125 W. Washington Blvd. 
New Brunswick, N. J. 08901 Matteson, Ill. 60443 Culver City, Calif. 90230 
Phone: 201— 246-1900 Phone: 312—748-7900 Phone: 213—839-3432 





MOVEMENTS: 


SPIRAL 


© 


CIRCULAR 
and ZONOGRAPHY 


LINEAR 


ALSO ROUTINE 
RADIOGRAPHY 


SCHICK 


For complete information 
contact your dealer X-RAY 


or write to: 
SCHICK X-RAY CO., INC. 
415 Green Bay Road « Wilmette, Illinois 60091 
Phone (312) 256-4700 





Any 
minute 


now, 

a professional 
will open 
that door. 


TWIMTAAIIO 
10 
YOOIOIOAA 


be He will be one of our 
X-ray technical repre- 

f sentatives, and within 
ro m his own specialized field 


he is as professional as 
| Ifo rd the radiologist himself. 


We are particularly 
proud of our technical representa- 
tives. We’ve tried to make certain that 
they are carefully trained to be expert 
in handling the various problems 
which occur from time to time in every 
X-ray department. And, we have good 
reason to believe we have succeeded. 

X-ray processing technology is cur- 
rently undergoing dramatic changes. 
“Full cycle,” “half cycle,” and even 
newer developments have reduced the 
total processing time of X-ray film 
from minutes to just seconds. 

Chemistry, processors and film 
have all changed. Ilford technical 
representatives regard these changes 
as challenges to their professional 
know-how and they welcome them. So, 
next time you have a knotty technical 
X-ray problem, call in one of our “tech 
reps”. We commend him to you. 

He is a professional who can not 
only assist you with problem-solving 
but who will be happy to show you 
how Red Seal on Melinex® will per- 
form in your processing system with 
Ilfomat chemicals. 
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West 70 Century Road, P.O. Box 288 
Paramus, New Jersey 07652 


1217 East El Segundo Boulevard, 
El Segundo, California 90245 


3566 Elm Street, Hapeville, Georgia 30054 





No. 250-I-R-IG — recessed; with In- 
stant-Grip. Gracefully rounded frame 
flows smoothly into the wall when 
illuminator is recessed. 


Photometer-tested lighting assures even light distribu- 
tion 


Improved P-80 plexiglas front panel has ground-glass 
finish on its inner surface, providing 20% better illum- 
ination on the film 

Easily removable front panel, for easy lamp replacement 


"Invisible" welds improve appearance, eliminate hazard 
of sharp corners projecting from wall or desk 


New 3-wire U-ground cord set with lock-in grommet and 
molded plug protects fully against danger of shock 


Listed with UL Laboratories — Guide No. 480E0 


No. 250-I-R-IG. Recessed model with Instant-Grip 
No. 250-I-R. Recessed model with 2-way film clips 
No. 250-I-IG. Desk model with Instant-Grip 

No. 250-1. Desk model with 2-way film clips 


Write for literature on the 
complete Halsey illuminator line 





Share the insight and experience 
of 47 international authorities 


in gastrointestinal radiology 


NEW 2-VOLUME SET! 


. Alim en tary 
Gract 


“Roentgenology - 


This lavishly illustrated new 2-volume reference 
places at your fingertips detailed discussions of both 
standard and special procedures in radiography of 
the entire gastrointestinal tract and its appendages, 
including soft tissues and the diaphragm. No where 
else will you find such a complete up-to-date coordi- 
nated evaluation of examination techniques and diag- 
nostic methods, plus /4/4 pertinent illustrations. The 
superb blend of text and illustrations explains, with 
unmistakable clarity, plain film diagnosis of the ab- 
domen, examination of the acute abdomen, the liver, 
the biliary tract and diaphragm, plus arteriography 
and splenoportography; and special procedures in 
pediatric radiology. Can you afford not having refer- 
ence to the new 2-volume ALIMENTARY TRACT 
ROENTGENOLOG Y? 

Edited by ALEXANDER R. MARGULIS, 
BURHENNE, M.D. Written by 47 contributors. Publication date: 


December, 1967. 2 volumes, 1203 pages plus FM I-XXVIII, plus 
duplicate indices, 82” x 11^", 1414 illustrations. Price, $65.00. 


M.D.; and H. JOACHIM 


TCI EIER. oo 
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For increased efficiency, see that every technologist has reference to these new books 


ATLAS OF ROENTGENOGRAPHIC POSITIONS, New Three 
Volume 3rd Edition: By Vinita Merrill. Completely revised 
and updated, this new 3rd edition is the finest and 
largest single collection of radiographic positions in 
print. Many new positions and procedures, numer- 
ous new illustrations, practical clinical help on pa- 
tient care, an excellent glossary, an extensive bibliog- 


raphy and important background material. November, 
1967. 3 volumes, 875 pp., 2142 illus. Price, $46.50. 


COMPREHENSIVE REVIEW FOR THE RADIOLOGIC TECH- 
NOLOGIST, New: By Matthew Stevens, R.T.; and Robert |. 
Phillips, R.T. A complete, up-to-date consideration of 
all technical areas. Ideal for preparation for National 


Registry Examinations. October, 1968. Approx. 190 pp., 
About $12.00. 


To order, write: 


THE 6. V. MOSBY COMPANY 


3207 Washington Boulevard 


TEXTBOOK OF RADIOLOGIC TECHNOLOGY, New 4th Edition: 
By Charles A. Jacobi, B.Sc., R.T.(A.R.R.TJ; and Don Q. Paris, 
R.T.(A.R.R.T). Provides quick answers to questions re- 
garding any area of the technologist's responsibility. 
The most current instructions on preparation of the 
patient; "technical tips" from the authors' experience: 
surgical cholangiography. July, 1968. 502 pp., 324 illus. 

Price, $12.75. 


TEXTBOOK OF ANATOMY AND PHYSIOLOGY IN RADIOLOGIC 
TECHNOLOGY, New: By Charles A. Jacobi, B.Sc., R.T.(A.R.R.T.). 
Relates anatomy and physiology to practical, every- 
day radiologic technology. Presents a straightforward 
correlation of anatomy with the latest radiographic 


techniques, including teleroentgenography. April, 1968. 
421 pp., 187 illus. Price, $12.00. 


Publishers 


St. Louis, Mo. 63103 








From the 
Power People . 


c—À 


e 
Consistency without Compromise. Whatever your g 
procedure, whatever your technic, there is a definite 
power range you require for the best diagnostic 
result. That's why General Electric offers the broadest 
line of diagnostic x-ray generators in the industry. 
Once you determine your procedural requirements, 
your GE sales representative will recommend the 
generator to best suit your needs. In fact, he will work 
with you, providing knowledgeable suggestions to 
assure maximum efficiency without compromise. 


Variety in generator models is only a part of the GE 
generator story. Precision design and manufacturing Is 
the real key to consistently excellent results. Our 
energy conversion experts are sticklers for detail and 
insist that every component part of every GE generator 
does its job to perfection. Results are consistent 
because power output is consistent. 


When planning your next x-ray installation, let your GE 
sales representatives and service technicians take total 
responsibility for providing you with an equipment- 
matched power system. The finely tuned system you 
receive will rarely need service. When it does, the 
service will be fast and efficient because every GE 
generator is built with fast access swing-out panels 
for serviceability. 


For consistent results free of procedural compromise 
and the finest service available call on General Electric 
—the power people. 


Progress is our most important product 


GENERAL © > ELECTRIC 


E: ^ 


X-RAY DEPARTMENT >» MILWAUKEE, WISCONSIN 53201 
a * 


jt 





10 OUTSTANDING NEW BOOKS 
— Mh ROENTGENOLOGISTS 


SELECTIVE RENAL ARTERIOGRAPHY: Its 
Application to the Diagnosis of Renal Vascular 
and Parenchymal Lesions by Ivan L. Bunnell, 
State Univ. of New York at Buffalo. By applying this 
technique in a series of 200 consecutive studies, //ie au- 
thor documents the contributions of the selective tech- 
nique to the study of the renal vascular tree. Includes a 
discussion of indications, a detailed account of the tech- 
nique itself, the expected diagnosis yield, and the end 
results of renal vascular surgery in a group of hyperten- 
sive patients. '68, 248 pp. (64 94), 163 il., $18.75 


X-RAY DIAGNOSIS OF CONGENITAL CAR- 
DIAC DISEASE by Larry P. Elliott and Gerold L. 
Schiebler, both of Univ. of Florida College of Medi- 
cine, Gainesville. With a Foreword by Paul €. Hodges. 
Eleven congenital cardiac malformations and malposi- 
tions are discussed. An enunciation of fundamental 
principles stressing the normal and abnormal features 
in a chest x-ray inaugurate a functional approach in 
composing the schema which is used to dissect the roent- 
ven features. Reviews left-to-right shunt lesions, obstruc- 
tive lesions, etc. '68, 260 pp., 221 il., 3 tables, $11.50 


FUNDAMENTAL PROBLEMS IN SCANNING 
compiled and edited by Alexander Gottschalk and 
Robert N. Beck, both of Univ. of Chicago. (With 39 
Contributors) Actual and hypothetical systems are de- 
scribed to illustrate discussions of the fundamental 
issues in the field. New concepts involving analog and 
digital computer techniques, tomographic scanning, in- 
formation theory, and visual perception are employed 
in discussing different points of view and approaches 
to these problems. In addition, the treatment of radio- 
isotope imaging devices as linear systems is presented 


in detail. '68, about 464 pp. (7 X 10), 299 il., 12 tables. 


CHARLES C THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * Illinois * U.S.A. 


Sent on Approval 
in U.S.A. & Canada 


A BIOLOGICAL CONSIDERA- 
TION OF TREATMENT OF 
BREAST CANCER by George 
Crile, Jr., Cleveland Clinic, Ohio. 
'67, 204 pp., 28 il., 17 tables, $8.00 


CASE OF THE DAY by Benjamin 
Felson and Jerome F. Wiot, both 
of Univ. of Cincinnati, Ohio. '67, 96 
pp. (6% X 974),91 il., (Amer. Lec. 
Roentgen Diagnosis edited by Lewis 
E. Etter), $8.50 


HODGKIN’S DISEASE compiled 
and edited by David W. Molander, 
Cornell Univ. Medical College, and 
George T. Pack, New York Medi- 
cal College. (With 7 Contributors). 
'68, 228 pp. (7 x 10), 121 il, 39 
tables, $15.00 


THE LUNGS IN SYSTEMIC DI*- 
EASES by Eli H. Rubin and Stan- 
ley S. Siegelman, both of Albert 
Einstein College of Medicine, New 
York City. '68, about 372 pp. (7 X 
10), 360 il. (2 in full color), 7 tables. 


CANCER THERAPY BY INTE- 
GRATED RADIATION AND OP- 
ERATION compiled and edited by 
Benjamin F. Rush, Jr., and Robert 
H. Greenlaw, both of Univ. of Ken- 
tucky College of Medicine, Lexing- 
ton. With a Foreword by Charles 
Tucker. (40 Contributors). '68, 176 
pp. (7 X 10), 58 il., 82 tables, $12.75 


ERROR AND VARIATION IN 
DIAGNOSTIC RADIOLOGY by 
Marcus J. Smith, St. Vincent Hos- 
pital, Santa Fe. '67, 208 pp., 68 il., 
18 tables, $8.75 


CLINICAL RADIOISOTOPE 
SCANNING by Yen Wang, Univ. 
of Pittsburgh, Pa. ’67, 260 pp. (674 
x 994), 280 il., 8 tables (Amer. Lec. 
Roentgen Diagnosis), $12.50 


Send for your free copy of 
our new 1968 catalog of 
over 2100 titles 





After work, — 
maybe he'd | 
like to spend 
some time 
with the boys. 


Sure he would. 
Lab technicians are human, 
too, you know. 


If you're a medical or dental . 
lab technician you probably - 


know that. Sure lab technicians 
.are human and the really good 
ones are superhuman.They have 
, to be to keep up with their spe- 
'cialty, to keep up with research. 

Well, anyway, maybe you'd 


like to spend some time with the. 


boys. Get away for a change. 

You'll get paid for it. And 
you'll be helping your country. 
One weekend a month and 15 
active duty days a year. 


A—— 


The Air Force Reserve needs 


* you. Badly. 


Especially if you're super- 


AIR FORCE RESERVE 
HQ CAC (PRP-C) 
Robins AFB, Ga. 31093 


Please send me information about 


joining the Air Force Reserve. 

[] | have had prior military service. 

O | have not had prior military service. 
My specialty is: 


NAME 
PLEASE PRINT 
ADDRESS 


CITY 





CLEAR CHOICE IN 
HISIBROSALPINGOGRAPHY 


WATER-SOLUBLE CONTRAST MEDIUM 


SALPIX 


0.53 Gm Sodium Acetrizoate and 0.23 Gm Polyvinylpyrrolidone per cc 


Fast, safe, accurate radiopaque visualization 
without irritation, residue, or pain 


ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY 


CONTRAINDICATIONS—Contraindications to hysterosalpingography include the presence of severe 
vaginal or cervical infections, existing or recent pelvic infection, marked cervical erosion or endocervicitis, 
and pregnancy. The procedure is contraindicated during the immediate pre- or post-menstrual phase. 
SENSITIVITY—If indicated in the patient's history, an intracutaneous skin test or sublingual absorption 
observation may be done with 0.1 cc SALPIX. WARNING — Not for intravenous use. QOoPC 1966 





most important 
. announcement from 
Abbott Radio-Pharmaceuticals 
since Abbott's entry 
into the nuclear field. 
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in Nuclear Instruments 
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The LOGIC Series—the most compact counting systems ever designed— 
is available now in 3 models. 


The LOGIC Counting Systems offer: 


ə Compactness (micrologic integrated circuitry 


Dependability (pre-tested for 40 hours p nf 
Portability (25-35 Ibs. eee 


5 

° iod ; contact your Abbott man 

ə Versatility (choice of 3 models who knows both instruments 
e 


Quality (backed by Abbott and radio-pharmaceuticals 


ABBOTT LABORATORIES NORTH CHICAGO, ILLINOIS 
Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland , 
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CONRAY 


[IEGLUMIE IOTHALAMATE INJECTION 6051 


for intravenous urography and 
cerebral and peripheral angiography 


B. VN L^ 
AN 
BINA, ail 


SODIUM LOTHALAMATE INJECTION 66.8 


for intravenous urography, intravascular 
angiocardiography and aortography 
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The new generation of contrast agents... 


lothalamates-different because 


of their chemical structure 


In a comparative evaluation of the iothalamates 
with other representative radiopaque media, “The 
iothalamate salts consistently demonstrated less 
systemic toxic effects than the comparable salts 
of diatrizoate, whether administered via the intra- 
venous, intracranial, or intra-arterial route in 
several species. ! 


Here's how the difference shows up... 


Over 300 clinical investigations plus six years of 
extensive use in the United States and many 
foreign countries have established CONRAY and 
CONRAY-400 as good, reliable contrast agents 
having world-wide acceptance. 


Specific comparative studies have in fact pointed 
out such findings as: 


(1) In excretory urography : "Meglumine iothal- 
amate 60% [Injection U.S.P.] has a higher degree 
of safety than other similar compounds and a 
lower degree of pharmacologic toxicity. ? 


(2) In excretory urography where greater density 
is desired : "The higher iodine content of Conray- 


400 (40 per cent) compared with [another con- 
trast medium] resulted in twice as many 'excel- 
lent' visualizations with the former as obtained 
with the latter. The number of side effects was 
appreciably less with Conray-400, and there 
were no serious or severe reactions... 3 


(3) In cerebral angiography with CONRAY, "In 
all instances, this contrast medium gave an excel- 
lent degree of radio-opacification . . . We have 
been impressed by the absence of signs of dis- 
comfort associated with the actual intra-arterial 
injection of Conray . . . In addition, it has been 
our impression that the patient's subjective com- 
plaints of local cervical discomfort associated 
with periarterial extravasation of contrast medium 
was much less marked with Conray than in 
patients in whom other substances were em- 
ployed. ^ 


Are you aware of the difference ? 


(see the next page for important product information, including 
statements relating to side effects and contraindications.) 





Products of advanced research in the contrast media field 


CONRAY 


(Meglumine lothalamate injection 6096) 


for intravenous urography and 
cerebral and peripheral angiography 


Product Particulars: 


CONRAY: Each ml. contains 0.6 Gm. meglu- 
mine iothalamate; not more than 0.11 mg. cal- 
cium disodium edetate as stabilizer; not more 
than 0.15 mg. sodium biphosphate as a buffer. 


Angio- CONRAY: Each ml. contains 0.8 Gm. 
sodium iothalamate; not more than 0.135 mg. 
calcium disodium edetate as stabilizer; not more 
than 0.15 mg. sodium biphosphate as a buffer. 


CONRAY-400: Each ml. contains 0.668 Gm. 
sodium iothalamate; not more than 0.135 mg. 
calcium disodium edetate as stabilizer; not more 
than 0.15 mg. sodium biphosphate as a buffer. 


Side Effects: With CONRAY (meglumine io- 
thalamate 6096) these have been minor and infre- 
quent, and include nausea, vomiting, urticaria. 
However, as with any iodinated intravascular 
contrast agent, the possibility of severe reactions 
exists (neurological complications, the so-called 
anaphylactic response and cardiovascular col- 
lapse). With Angio-CONRAY (sodium iothala- 
mate 80%) and CONRAY-400 (sodium iothala- 
mate 66.8%) rapid injection has produced a wave 
of warmth or heat passing over the body, often 
associated with flush. Other transient reactions 
infrequently observed are nausea, vomiting and 
bitter taste. In rare instances, injection of a con- 
trast medium has been reported to produce more 
serious reactions including fatalities. Note: Be- 
cause of the possibility of severe reactions to any 
medium, patients should not be left alone for at 
least 15 minutes following injection. 


Caution: CONRAY-400 (sodium iothalamate 
66.8%) and Angio-CONRAY (sodium iothala- 
mate 80%) are not intended for use in cerebral 
angiography. For this purpose, CONRAY (meg- 
lumine iothalamate 60%) is recommended. 


Contraindications: For all three media, caution 
is required in cases involving severe systemic 
disease. In patients with advanced renal disease, 
use with caution and then only when need for 
examination dictates. In patients with a history of 
allergy or those exhibiting a positive reaction to 
the sensitivity test, drugs and facilities for emer- 
gency use must be readily available. 


Angio-CONRAY' CONRAY-400 


(Sodium lothalamate injection 80%) 


for intravascular angiocardiography 
and aortography 


(Sodium lothalamate injection 66.8%) 


for intravenous urography, 
intravascular angiocardiography 
and aortography 


Precautions: For CONRAY-400, cardiac 
arrhythmias, including ventricular fibrillation, 
have been reported with the üse of this medium 
in procedures for visualizing the heart. Such oc- 
currences may be associated with situations in 
which appreciable amounts of relatively undi- 
luted medium enter the coronary circulation. 
Facilities for immediate treatment of such reac- 
tions should be available. 


For more detailed information on these products, 
consult your Mallinckrodt representative or read 
the product package insert. 


Well established — Over 300 published clinical 
studies— Efficacy proven in thousands of patients. 


Partial Bibliography: 

. Kodama, et a/.: Experimental & Molecular Pathology, Supplement 
*2, pp. 65-80, 1963. 

. Marshall, T. R., and Ling, J. T.: South. M.J. 56:1424, 1963. 

. Koch, A. W., et al.: Pennsylvania M.J. 68 :45, 1965. 

. Smolik, E. A., and Nash, F. P.: Missouri Med. 59 :863, 1962. 

. Steinberg, l., and Evans, J. A.: Am. J. Roentgenol. 92:267, 1964. 

. Marshall, T. R., Ling, J. T., and Gonzalez, R.: J. Kentucky M.A, 
(Aug.) 1963. 

. DiChiro, G., Doppman, J., and Ommaya, A. K.: Radiology 
88 :1065, 1967. 

. Chase, N. E., and Kricheff, I. |. : Am. J. Roentgenol. 95 :852, 1965. 

. Linhart, J. W., Whalen, R. E., and McIntosh, H. D.: South M.J. 
58:793, 1965. 

. Gonzalez, L. L., Lewis, C. M., and Wiot, J. F.: Angiology 75:283, 
1964. 

. Marshall, T. R., Ling, J. T., and Buchanan, J.: Am. J. Roentgenol. 
92:676, 1964. 

. Weibel, J., et al.: Surgery 56:919, 1964. 

. Beall, A. C., et a/.: Ann. Surg. 157 :882, 1963. 

. Marshall, T. R., and Ling, J. T.: Am. J. Roentgenol. 89:423, 1963. 

. Dotter, C. T., et a/.: Northwest Med. 67 :41, 1962. 

. Steinberg, l., and Evans, J. A.: Radiology 79:395, 1962. 

. Marshall, T. R., Ling, J. T., and Gonzalez, R.: Radiology 87 :568, 
1963. 

. Hink, V. C., and Dotter, C. T.: J. Neurosurg. 79:312, 1962. 

. Bernstein, E. F., et a/.: Surgery 57 :663, 1962. 

. Kanick, V., and Finby, N.: Ann. Surg. 55:472, 1962. 

. Straube, K. R., and Dotter, C. T.: Scientific Paper Presented 
Before 11th Internat. Cong. European Soc. Cardiov. Surg., Stock- 
holm, Sweden, July, 1962. 

. Foster, J. H., et al.: Scientific Exhibit at 111th Annual Meet. 
A.M.A., Chicago, Illinois, July, 1962. 

. Foster, J. H., et al: JAMA 782:1 009, 1962. 

. Sessions, R. T., et al.: Surg. Gynec. & Obst. 775:187, 1962. 

. Straube, K. R., and Dotter, C. T.: J. Cardiov. Surg. 4:400, 1963. 
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The Baird-Atomic ; 
Autofluoroscope can do things that — 
n 


no other scintillati 
camera can. 


-.. Fact: The Baird-A mie Scintillation Camera is the only Cam- 
era that can provide quantitation of patient data with real numbers as read directly from 
the front panel. You can rdiovascular dynamics and cerebral blood flow dynamics 
both visually and quantitativ And you can do lung, pancreas, thyroid, placenta, and 
other static analyses. The Autofluoroscope is the only system that can provide perma- 
nent patient record storage with instant recall of all the original data in unaltered form. 


Up to three areas of quantitation can be outlined by a light pen and presented to the multi- 
ple pen recorder for a graphic display of total organ activity versus time. It is the only com- 
plete instrument having all the high demand computer functions built into the system. 
Let us prove to you that the Baird-Atomic Scintillation Cam- 


era will do everything we say it will. 33 University Road, n BAIRD-ATOMIC 


Cambridge, Mass. 02138, Telephone: 617 864-7420. Baird- 


auo IN md ih o rc L3 


Raird Atami Ted. pO DCILU England. 





"Ihe no-mix. 


We took the construction work 
out of barium sulfate. 

We premixed it into a smooth, 
creamy, instantly ready esopha- 
geal contrast medium. 

Before, coating was often a 
hit-or-miss operation (‘home- 
brewed' barium can be too thin, 
too thick or just plain settled 
out). 

Not anymore. 

Now, in seconds, you can pho- 
tograph your patient's esopha- 
geal tract...easily take 3, 4, even 
5, plates after an initial dose. In 


many patients the coating of 


Esophotrast lasts up to 15 min- 


utes (ample time for fluoroscopy 
and radiography of the esopha- 
eus and evaluation of heart size). 

Now you don't have to cajole 
vour patients into drinking cup- 
ful after cupful of barium...the 
1 oz. of Esophotrast, usually all 
that's needed, is nongritty and 
fruit-flavored-a really pleasant 
medium to take. 

And it’s just a squeeze of a tube 
away. 

So why mix your own? 


Esophotrast 


(barium sulfate) 
Instantly ready esophageal cream 


Recommended dose: 1 tablespoonful “chewed” thoroughly 
before swallowing. Repeat with a second tablespoonful to ensure 
prolonged adherence and coating of the esophageal mucosa. 
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WINDSOR MARK II 


the heavy-duty general 
purpose, hydraulic 
90/15 Radiographic- 
Fluoroscopic Table. 


ae 


DR.SWEET'S EYE LOCALIZER 


the proven standard for 
locating foreign bodies 
in the orbital cavity. 


ENVIRONMENTAL TEST FACILITY 


a climatic controlled area. . . our investment in new 
facilities to provide you with 

further improved quality of 

intensifier systems. 


THREE PHASE 


higher quality output 
generators in 700 anc 
1000 MA capacities. 


SCAT ORTHICON 


the image intensifier 
system with electronic 
magnification for 
extended dynamic 
range at maximum 
speed of response. 


Se 


pos 


LESTER NSS EMAL RE LSS 


"A" TABLE 


radiographic table 
suitable for use with 
mobile or stationary 
facilities. 


Dis Peay at the 
Š. Meeting 


\KELEKET 


A Division of Laboratory For Electronics, Inc. 
WALTHAM, MASSACHUSETTS 02154 
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Injection factors: 60 ml of 75% Hypaque (contrast medium) at delivery rate of 10 ml/sec. 
Legend: SA—splenic artery; PV—portal vein; C—collateral ; SV—splenic vein. 


DIAGNOSIS: 


Portal hypertension 


TECHNIQUE: Selective splenic arteriography 


DESCRIPTION (top photo) : Arterial phase (normal) 


DESCRIPTION (bottom photo) : Absent perfusion of liver via portal vein. 
Portal flow diverted through collateral. 


EQUIPMENT: 


Barber-Colman Viamonte /Hobbs Injector 





Automatic flow rate control is the 
heart of each Barber-Colman Via- 
monte/Hobbs Injector. Just dialing 
desired flow rate and injection time 
results in delivery of preselected vol. 
ume with repeatable accuracy — re- 
gardless of variables in contrast media 
and catheter. Maintain linear flows 
up to those requiring approximately 
1100 psi. Discharge entire 100 ml 
syringe at rates infinitely variable from 
2 to 60 ml/sec, within the physiologi- 
cal limits of the specific procedure 
and the catheter design. 


VAK 


HE EASIEST 
HANDLING INJECTOR EVEN 
MORE EFFICIENT: 


1. New Quic-Loc catheter connec- 
tor simplifies procedure and main- 
tains sterility — replaces syringe 
screw fitting with catheter lever/ 
lock. One short lever movement 
secures catheter fitting to syringe 
outlet. Reverse action unlocks con- 
nection. Spring detents hold Quic- 
Loc in center and locked positions. 
2. New E-Z-Fil attachment makes 
syringe filling faster and more con- 
venient. Connects to both standard 
screw fitting and Barber-Colman 
Quic-Loc connector. 

Protective cap slips down curved 
filler tube inserted into contrast 
media bottle — prevents entrance 
of contaminants. Base plate and 
spring clip secure bottle sizes to 
50 cc during filling operation. 
Write for literature, or phone 
815/968-6833. Barber-Colman 
Company,  Electro- Mechanical 
Products Division, Dept. C, 1460 
Rock Street, Rockford, Ill. 61101. 
Or, contact your X-ray equipment 
supplier. 


Quic-Loc: catheter disconnected 


Quic-Loc: catheter connected 


E-Z-Fil Syringe Filling Attachment 


Control 

your contrast 
medium 
injected... 
automatically... 
with 

repeatable 
accuracy. 








SCHONANDER 
AOT-P 


cutfilm changer 


Anderson 020320 


Twenty years ago Schonander was already building 
automatic units for rapid serial radiography. The first 
model was a cassette changer for standard metal 
cassettes. The development went via special lightweight 
cassettes and rollfilm to a system using Cassette-/ess 
standard cutfilm. 


Here are some of the features which have led to the fact 
that most American radiologists today call their film 
changers ''Schonanders''. 


Diagnostic Accuracy 


m High power of resolution allows studies of fine anatomi- 
cal details in full size radiograms. m Large exposure angle 
permits optimal exposure factors and makes angiographic 
examinations of heavy patients possible, even at 6 pictures 
per second. M Alternate, synchronized exposures in biplane 
operation keeps scattered radiation fog at lowest possible 
level. m Edge-near exposure field allows proper patient 
positioning in all cases. 


Time-Saving Operation 
= The Cassette-less cutfilm system offers unmatched con- 


venience and speed in loading, unloading, taking of test 
pictis, processing and viewing. 


Universal Application 


'™ Exposures on 14” x 14” or 10” x 12” film size at ex- 
posure rates from 6 pictures per sec. to 1 picture in 5 sec,, 
@ 


with versatile programming facilities, covers the whole field 
of vascular examinations. 8 Compact physical dimensions 
make the Schonander Cutfilm Changer adaptable to vari- 
ous kinds of examination tables. m Each film changer is a 
separate unit allowing either single or biplane application. 
m Single plane equipment converts easily to biplane. m 
Economy type exposure rate selector available. 


Automatic Film Marking 


m Consecutive numbering or time-marking and patient iden- 
tification on each film. 


Installation and Service 


Every Schonander dealer is supported and assisted by our 
expanding technical service staff in the installation and 
servicing of all Schonander equipment. Comprehensive 
overhaul service and upgrading of older style film changers 
using factory procedures is available in our well equipped 
Mount Prospect service shop. 


For more details, contact your X-ray dealer or write: 


ELEMA-SCHONANDER, INC. 
P O. Box 130, Mt. Prospect, III. 60056 
Telephone: (312) 259-7206 


ELEMA-SCHONANDER 





SQUIBB 


a research concept in contrast visualization 


for clear definition of disease: 


Oragrafin® Calcium (Squibb Calcium Ipodate) visu- 
alizes the gallbladder and ducts quickly and clearly 
with few undesirable reactions. For rapid or routine 
studies of the gallbladder and biliary ducts, 
Oragrafin permits efficient absorption for maxi- 
mum concentration and excellent contrast— with 
bowel residue in only a small percentage of pa- 
tients and few patient problems. 


Oragrafin (Squibb Ipodate) in radiography — an 
advanced medium of biomedical communication. 
According to McLuhan's! provocative new theories 
of communications, all media are considered "ex- 


SQuIBE 


tensions of man"—the means by which he extends 
his understanding and control of the universe and 
himself. In biomedical communications, where man 
monitors the diverse processes of molecular and 
cellular change, modern contrast radiography is 
an advanced medium. 


Today, in cholangiography and cholecystography, 
as the medium becomes increasingly oral, the diag- 
nostic message is clear, rapid, and convenient with 
Oragrafin (Squibb Ipodate). 


For summary of contraindications, precautions, and 
side effects, see end of this advertisement. 





. Oragrafin: 
Squibb Ipodate 


maximum concentration... 
excellent toleration 


high absorption index— “No one will dispute the 
statement that the diagnostic reliability of oral 
cholecystography depends upon the degree of 
absorption of the contrast medium employed."* 
Radioisotope studies with ipodate sodium show a 
markedly improved absorption index (approxi- 
mately 70 per cent) with no increase in the toxic 
properties.* 


excellent opacification — "In addition to its ease of 
administration and safety, its principal advantages 
are a high yield of diagnostic films....”~ 


less bowel residue — "Incomplete and variable ab- 
sorption of a cholecystographic agent is not desir- 
able, for the opacification of the gallbladder is then 
less dependent on the status of the gallbladder and 
more a reflection of the percentage absorption." 


"Opaque material in the bowel was found in 46 per 
cent of [105 patients in] the...[iopanoic acid] group 
as compared with 9 per cent of those [99] of the 
[Oragrafin Sodium Capsules]l...group. ^ In 
another study, 49 of 100 patients receiving iopanoic 
acid had residue in the gastrointestinal tract, while 
only 15 of 100 patients receiving Oragrafin Sodium 
Capsules had such residue. 


no evidence of nephrotoxicity, infrequent side 
effects — In contrast to findings with other chole- 
cystographic agents, Lewitan and Garcia’ reported 
in their 246-patient study: "With ipodate calcium... 
there was no clinical evidence of immediate or 
delayed nephrotoxicity in any of the patients given 
it...."^ To study possible renal toxicity, "Creatinine 


clearance tests were also done before and after 
administration of multiple doses in excess of 6 gm. 
in 8 cases, and showed no significant alterations.” < 
However, "Multiple doses beyond 6 gm. are not 
recommended."* 


In their study of 120 patients, Glenn and O Brien 
reported "...no reactions in this series of patients 
attributable to the administration of [Oragrafin]...."? 


And, McCrory reported that Oragrafin Sodium 
and Calcium was “...used routinely in cholecysto- 
graphic studies in approximately 2000 patients with 
excellent diagnostic films and only rare and mild 
reactions." 


fewer side effects than iopanoic acid — According 
to White and Fischer, 36 (36.4%) instances of 
side effects occurred in 99 cases with Oragrafin 
Sodium, 3 Gm. compared with 87 (82.9%) in 105 
cases with iopanoic acid, 3 Gm. Kinds of side 
effects noted were nausea, vomiting, diarrhea, 
cramps and dysuria—all less frequent with 
Oragrafin Sodium (Squibb Sodium Ipodate). 


Juhl,” in his study of 200 patients (100 on iopanoic 
acid and 100 on sodium ipodate), found that the 
incidence of nausea and vomiting was equal in the 
two groups.” 


Oragrafin (Squibb Ipodate) dosage schedules 
Oragrafin (calcium or sodium ipodate) permits 
overnight cholecystography and cholangiography. 


Films of the 
Gallbladder 
and 

Biliary Ducts 


6 Capsules 

(or 1 packet 
of Granules, 
if preferred) 
and 


next l 1 packet 
morning of Granules 
8 A.M. 


9 A.M. 


Gallbladder Films 


6 Capsules OR 
(or 12 
Capsules) 


1 packet of 
Granules 
(or 2 packets) 


Visualization l 
of ducts and 
gallbladder 


Visualization 
of gallbladder 


Visualization 
of gallbladder 


10 A.M. 
11 A.M. 


For summary of contraindications, precautions, and side 
effects, see next page. 





speed and convenience of 
Oragrafin 
Calcium 


Granules 
Squibb Calcium Ipodate 


new clinical study? demonstrates improved diag- 
noses with calcium ipodate —"A group of 114 pa- 
tients with poorly filled gallbladders after routine 
administration of iopanoic acid were given 6 gm. 
of [calcium] ipodate granules immediately follow- 
ing their routine cholecystography. In 66 per cent 
of these patients opacification of the gallbladders 
was obtained within 3 hours, allowing a definite 
diagnosis. Of the remaining 33 per cent, one-half 
were ultimately proven diseased." "It is apparent 
that many poorly visualized gallbladders can be 
rendered visible by the ingestion of ipodate gran- 
ules.... A whole day may be saved and other diag- 
nostic studies may be performed."? 


patient. convenience —Routine cholecystography 
night-before procedure is easy for patients to fol- 
low; palatable granules further enhance patient 
acceptability. Rapid clearance of medium permits 
same-day administration and gallbladder and duc- 
tal films, and if necessary, same-day re-examina- 
tion; reduces need for I.V. studies. 


rapid absorption permits same-day re-examination 
—To determine the cause of nonopacification after 
routine cholecystography using 6 capsules, physi- 
cians may require re-examination by repeating the 
procedure at a later date (sometimes doubling 
dose to 12 capsules), or by administering more 
agent the evening of the first unsuccessful exam- 
ination (again sometimes doubling dose to 12 cap- 
sules), and repeating the study the next day. "The 
advantage of the calcium ipodate method is that 
the examination can be completed in five addition- 
al hours with a limited dose of contrast agent."? 


“a valuable medium for peroral cholegraphy"* — 
Rapidly absorbed from the gastrointestinal tract, 
calcium ipodate has been reported by some inves- 
tigators to be diagnostically superior to other oral 
cholangiographic contrast agents. ^! With care- 
ful timing of the examination and the use of tomo- 
grams or laminograms, the frequency of good 
results can approximate that obtained with intra- 
venously administered agents.'? According to 
Lewitan and Garcia,? the medium's relative safety 
makes it a valuable medium for peroral chole- 
graphy. Timesaving and economical Oragrafin Cal- 
cium Granules may be particularly useful in certain 
patients for whom I.V. radiography presents poten- 
tial hazards, such as elderly patients and those 
with cardiovascular disease. 


Unique among oral media, Oragrafin Calcium 
Granules permits same-day films of the gallbladder 
and the ductal system. 


dosage schedule for films of gallbladder and duc- 
tal system 


8 A.M. 
9 A.M. 
10 to 11 A.M. 


Contraindications: Contraindicated for persons sensitive 
to oral iodine compounds or for patients with combined 
renal and hepatic disease or severe kidney impairment. 
Gastrointestinal disorders, which may interfere with 
absorption, or liver dysfunction, which may result in 
inadequate biliary secretion of medium, are likely to 
result in unsatisfactory visualization. 


2 packets of granules 
visualization of ducts 
visualization of gallbladder 


Precautions and Side Effects: Mild and transient nausea, 
vomiting, or diarrhea sometimes occur; but the inci- 
dence can be reduced by using the calcium granules 
and restricting the dosage to 3 Gm. Transient headache, 
dysuria, or abdominal pains may occur. 


Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions, and rarely anaphylactoid shock. 
They are more likely to occur in the individual with a 
history of allergy, asthma, hay fever, or urticaria and in 
the individual who is known to be hypersensitive to 
iodine compounds. Antihistamines and corticosteroids 
are used to control hypersensitivity reactions; but the 
occasional serious anaphylactoid reactions require the 
immediate use of epinephrine or phenylephrine, oxygen, 
and intravenous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Calcium Granules) 
is available in single-dose foil packets providing 3 Gm. 
of calcium ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in capsule form 
(Oragrafin Sodium Capsules) providing 0.5 Gm. sodium 
ipodate per capsule. 


References: 1. McLuhan, M.: Understanding Media: The 
Extensions of Man, New York, McGraw-Hill Book Com- 
pany, 1966. 2. Sanen, F. J.: Amer. J. Roentgen. 88:797 
(Oct.) 1962. 3. Glenn, J. C., Jr., and O'Brien, P. S: 
Southern Med. J. 56:167 (Feb.) 1963. 4. White, W. W., 
and Fischer, H. W.: Amer. J. Roentgen. 87:745 (April) 
1962. 5. Juhl, J. H., et al.: Radiology 80:87 (Jan.) 1963. 
6. Lewitan, A., and Garcia, J. F.: Amer. J. Dig. Dis. 
10:219 (March) 1965. 7. McCrory, E.: J. Tenn. Med. Ass. 
58:258 (Aug.) 1965. 8. Root, H.: Amer. J. Roentgen. 701: 
621 (Nov.) 1967. 9. Crummy, A. B.: Wisconsin Med. J. 
65:84 (Feb.) 1966. 10. Saltzman, G. F.: Acta Radiol. 54: 
417, 1960. 11. Ludin, H., and Lauchenauer, C.: Schweiz. 
Med. Wochenschr. 90:471, 1960. 
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Squibb Ipodate 


SQUIBB 
‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. 





POSTERIOR 


For brain scanning, Pertscan-99m provides 
more information with less radiation to the 
patient than any other related cerebral test— 
whether other radioisotopes or x-rays. And you 
get each projection fast—as little as 2 minutes 
with a camera, 15 minutes or less with rectilin- 
ear scanners. 


A 54-year-old man was hospitalized with pro- 
gressive weakness of the right side, followed by 
seizures of the right side (Jacksonian seizures). 
Brain scans showed an abnormal concentration 
of isotope in the left parasagittal area. Surgery 
revealed a meningioma, which was removed, 
and the patient recovered. 


The 2 scans above, showing the marked ab- 
normal uptake (which turned out to be a meni- 
gioma), were made with Pertscan-99m. This 
product is shipped Monday through Friday—and 
Sunday. Thus, brain scans can be scheduled 6 
days a week—Monday through Saturday. 


LEFT LATERAL 


INDICATIONS: Adjunctive diagnostic aid in detecting 
and localizing intracranial rieoplastic (primary or 
metastatic) and non-neoplastic lesions. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to 
persons less than 18 years old unless the indications 
are very exceptional. 


PRECAUTIONS: Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as all 
personnel; to prevent extracranial contamination be- 
cause this can lead to erroneous interpretation; and 
to differentiate areas of abnormal activity from areas 
of normal vascular activity. 


SODIUM PERTECHNETATE Tc 99m 
Also available: 


C) 


TECHNETIUM 99m GENERATOR KIT 


"^N 
ABBOTT LABORATORIES NORTH CHICAGO, ILLINOIS 
^ Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 809464 


TM—Trademark 





If it's a pulmonary problem, Macroscan-131 pictures it! 


A 50-year-old man was hospitalized after complain- 
ing of vague chest pains. Shortly after, he suffered 
a cardiac arrest. An EKG showed no evidence of 
cardiac infarction. A lung scan revealed a de- 
creased concentration of isotope in the right lower 
lobe. This was diagnosed as a pulmonary infarct, 
therapy was instituted, and the patient recovered. 

His scan above, showing the marked diminished 
uptake, was made with Macroscan-131. This prod- 
uct has man porcine uses: 


: To confirm (or 


Pulmonar emp T SUSI 
rule out) its occurrence. 
Chronic pul tubercul To estimate uni- 
lateral and regional uneon and perfusion of the 
Inge. 


Emp : To evaluate the decreased regional 
Blood iow that occurs with obstruction of vessels. 
Pneumonitis: To evaluate the decreased regional 
blood flow that occurs without obstruction of ves- 
sels. 

Lung Tumors: To evaluate the regional ischemia 
resulting from compression or obstruction of pul- 
monary arteries. 


Sure gery and/or oine Lu 


To evaluate the effectiveness of therapeutic meas- 
ures. 

Macroscan-131 is sterile and non-pyrogenic. It is 
ready to use and should not be heated prior to use. 


INDICATIONS: For scintillation scanning of the lungs to 
evaluate total, unilateral, and regional arterial perfusion 
of the lungs. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to per- 
sons less than 18 years old unless the indications are 
very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken to 
administer the minimum dose consistent with safety and 
validity of data. The possibility of an immunological re- 
sponse to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in 
acute cor pulmonale, because of the temporary small ad- 
ditional mechanical impediment to pulmonary blood flow. 
A possible case of urticaria has been related 

to a similar preparation. The thyroid gland 

should be protected by prophylactic admin- 

istration of concentrated iodide solution. 


ABBOTT LABORATORIES NORTH CHICAGO, ILLINOIS 


TM—Trademark. 


Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 





YOU ARE LOOKING 
AT THE ONLY RADIATION 
DOSIMETRY SYSTEM THAT CAN 
MEASURE ANY TLD PHOSPHOR 
OR DOSIMETER. 


No matter what shape, size or 
type your dosimeter is, the Model 
7100 Thermoluminescence Dosimetry 
Readout Instrument, with a dose range 
from 10 ~* to 105 rads, can measure it. 

The basis for this versatility in 
measurement capability is reusable 
and exchangeable heating elements 
with a removable planchette for 
measuring any shape of dosimeter 
and loose powder, too. 

Although all other TLD phosphors 
can be measured by the Model 7100 
TLD system, ISOTOPES exclusive, 
patented Lif-Teflon dosimeters in 
disc, rod and tape form offer several 
distinct advantages. They are strong, 
mechanically flexible, easily handled, 
and combine the desirable physical- 


chemical properties of Teflon with 
the excellent thermoluminescent 
properties of LiF. 

The new ISOTOPES Con-Rad TLD 
Readout Instrument combined with its 
accessories anda variety of LiF- Teflon 
dosimeters constitutes the most ver- 
satile and thoroughly proven TLD 
system available. It is backed by 
thorough technical support, consul- 
tative assistance and the benefits of 
our continuing program of research. 

To learn more about the new 
Model 7100 TLD system, write Lab- 
oratory Products Division, ISOTOPES, 
50 Van Buren Avenue, Westwood, 
New Jersey 07675. (West Coast: 
4062 Fabian St., Palo Alto, California 
94303) U.S.A. 


ISOTOPES 


A TELEDYNE COMPANY 
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stercow 99M 


Technetium - 99m 


High-definition scans are an essential in the 
fast- developing field of radio-diagnosis. 
Particularly so in the localisation of brain 


lesions and the scanning of thyroid, kidneys, 


liver, spleen and other human organs. 
Good scan resolution is one of the major 
contributions of the technetium-99m yielded 
by Stercow 99m - an advanced-design ste- 
rile generator by Duphar. 

Supplies are despatched during the week- 
end pre-calibrated for the first day of use, 
usually Monday at 18.00 hrs M.E.T. - and an 
elution efficiency of approximately 80% of 
the technetium-99m in the Stercow is guar- 
anteed. Further, milking is a simple, safe 
and speedy operation. Full details of Ster- 


Nuclear pharmaceuticals 


For high-definition diagnostic scans of brain lesions, 
thyroid, lungs, kidneys, liver, spleen and other organs. 


cow 99m and the uses of the scanning agent 
technetium-99m will gladly be sent on re- 
quest. Samples are available free of charge. 
Stercow 99m is manufactured by Duphar 
to the very high quality standards necessary 
for nuclear pharmaceuticals. A new design 
of sterile generator, it is available in three 
types with 150, 300 or 450 mc of the parent 
radioisotope Mo99. Complete elution with 
15,20 or 30 ml. When milked in the approved 
manner, the resultant technetium-99m is 
sterile, non-pyrogenic and hence ready for 
immediate use -either orally or intravenously 
The Duphar Shielded Stercow Milking Sys- 
tem gives additional safety and efficiency 
in the elution operations. 


Contact our local representative 
or write direct to 

N.V. Philips-Duphar 

Cyclotron and isotope laboratories 


J^ 


Petten - Holland 


Labelled Compounds C 14, H 3 - Enriched Compounds D, C 13, N 15, 0 18 - Nuclear Chemicals - Nuclear Products for Industry 





MALLINCKRODT / NUCLEAR’S 
NEW 


Irilinear Chart of the Nuclides 


by Marshall Brucer, M. D. 


B-(100%) 1.57 

y0.143 (0.8%) 
0.192 (2.8%) 
1.095 (56%) 
1.292 (44%) 


~ |ISOBARS —>>— 





Characteristics of all the presently known 
nuclides (January 1968) are presented for the first 
time in easy-to-use trilinear chart form. 

Eight colors are used to simplify interpretation. 


The chart shows: 
è approximately 1800 nuclides 
half-life ranges by color code 


[] 
è stable nuclides 
e 


special charting of uranium, thorium, 
neptunium, and actinium series 

a, B, €, and major v emissions, with energy and 
percent abundance 


Et aum 


Se M — This new chart is 
| Sout eee bea | displayed at the 15th 
ne Jis Annual Meeting of 
the Society of Nuclear 
Medicine. It is avail- Mallinckrodt 
able in two forms: ® 
as a 48-page booklet 
with the ‘Vignettes 
in Nuclear Medicine,” 
available separately 
without charge; and 
as a 54” x 38” wall chart ready for mounting. 
The wall chart is available for a handling charge 
of $2.00. Check or money order must be sent 
with your request. 


RADIOPHARMACEUTICALS 


Box 10172, Lambert Field 
St. Louis, Missouri 63145 


Atlanta * Chicago * Cleveland 
Los Angeles * New York * Montreal 


2.564 h 


Chart section shown is 
2x size used in booklet. 65 
28 NI 


COLOR CODE 8-(100%) 2.13 
Indicating Half-Life y 0.368 (4.5%) 5.10 m 


SA 1.115 (16%) 66 
Seconds Days >10 |g NI 1.481 (25%) og GU 


Minutes W Years B-(100%) 2.63 
y 1.039 (9%) 


Hours ™ Centuries 
Days <10 3M Megayears 


[] Stable 


B+(19%) 0.656 
B-(38%) 0.573 
€ (43% 

y 1.34 (0.5%) 


p* (1.7%) 0.327 


p e (98.3%) 





‘Theres nothing new about Dual Head Scanners... 
Weve made them for six years. ' 


Six years of proven clinical effec- 
tiveness with Dual Head Scanners, 
has brought one fact to light. . . 
don't plan the obsolescence of your 
radioisotope scanner before you 
purchase one. 
The Model 54FD Dual Five is the 
only scanner available that provides 
scallop-free photoscans. The 500 
cm./min. maximum scan rate pro- 
duces two opposed, simultaneous 
photoscans before most other units 
have barely completed the first view. 
An exclusive miniscan system allows 
a whole body scan to fit on a single 
14" x 17" film. A self-contained pa- 
tient couch affords the patient com- 
fort, with no need for additional 
movement. T 
The Model 54 may be purchased ! ' pli 
as a single head unit, and can be "| , 
converted to a Dual Head unit right 
in your department. 
Optional accessories include an 
inexpensive positron counting cir- 
cuit and a two-isotope subtraction 
circuit. 
Write for the NEW Dual and 
Single Head, Five and Eight Inch 
Radioisotope Scanner Brochure. " 
j " I in n 
| :eeee[je | v s ; 
""" 655 | 
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ohio-nuclear, inc. 


1725 Fall Avenue, Cleveland, Ohio 44113 (216) 621-8142 





Exposure-wise, Radelin" STF-2 X-ray screens 
are next to nothing. 


Radelin's STF-2's are the fastest screens made, Super High Speed screens ideal for most pro- 
at least 30% faster than the fastest X-ray cedures including high KvP techniques. 
screens you may now own. Take advantage of STF-2's record high speed 
The excellent definition provided even at for shorter exposures. The only way to give a 
thisextremely high speed makes Radelin STF-2, patient less is to give him none at all. 


RADELIN 
MEDICAL PRODUCTS 


CUSR> UNITED STATES RADIUM CORPORATION 
VISIT US AT AMERICAN ROENTGEN RAY socii EXHIBIT, BOOTH 65. 





We are unwrapping a new, completely 
interchangeable, 90-second film. 
New FINEX II. 
Can be used for all processing systems, 
automatic as well as manual. 
Requires no changes in exposure. 
Medium speed. Extra-fine grain. 
Polyester base. Perfect complement 
to GAF-X”film. Choose from a com- 
plete line of 90-second x-ray films. 
See your GAF representative for 


GAF Corporation 


th e golo, (Formerly General Aniline & Film Corporation) 
© 140 West 51 Street, New York, New York 10020 


FINEX Il 


medical x-ray film 


_ another 
fine product [s fa, F 
, from 








SQUIBB 


a research concept in radiopharmaceuticals 


It seems only a short time ago that radioiso- 
topes were only a laboratory novelty instead of 
the integral part of medicine that many are 
today. In 1964, when Squibb dedicated its new 
plant and laboratories devoted exclusively to 
radiopharmaceuticals, it was an important 
milestone in a pioneering effort to provide the 
best research, production, and distribution 
facilities available. Yet routine use of many 
radiopharmaceuticals in clinical medicine has 
only just begun, and Squibb is determined to 
maintain its leadership in this new field. But 
what are some of the unique aspects of prog- 
ress in Medotopes? 





the unique 5-day precalibration plan If you 
are still ordering radioisotopes separately after 
each referral, you will want to know about a 
unique Medotopes service that makes piece- 
meal ordering a thing of the past. Nuclear 
medicine has now reached the state where 
many radiopharmaceuticals should be inte- 
grated into the mainstream of medical and 
hospital practice and be on hand immediately 
upon patient referral. Since most active labo- 
ratories can now estimate what their approxi- 
mate weekly diagnostic needs will be, the 
unique 5-day precalibration plan allows them 
to order everything in one shipment to arrive 
on a given day. Thus, when the patient is re- 
ferred, the diagnostic agent is already on hand 
and the test can be run immediately. More- 
over, there is only one shipping charge and 
Squibb bears the cost of radioactive decay 
over weekends. 


the unique “prefill” program When you use a 
parenteral antibiotic, hormone preparation or 
other drug, you expect it to meet high testing 
standards for sterility and lack of pyrogenicity. 
Why not a radiopharmaceutical? The Squibb 
"prefill" program anticipates and programs 
radiopharmaceutical parenteral production so 
that sterility and pyrogen test data are "in 
house" before the material is released. Thus, 
Squibb manufacturing practices assure — with 
"prefill" radiopharmaceuticals — the same 
high standards you would expect in any paren- 
teral preparation. Is radioactivity any excuse 
for less than the best quality control? Not at 
Squibb. 


important leadership in product development 
Squibb leadership in radiopharmaceuticals 

is nowhere more impressive than in the area 

of research and development. This leadership 
led to the development of a sterile, nonpyro- 
genic generator, a product emulated by other 
generators that were developed later. Another 
product has made lung scanning an important 
clinical procedure. Another permits pancreatic 
morphology determination in minutes without 
surgery. Bone metastasis can be demon- 
strated before it is apparent on X-rays with 
still another radiopharmaceutical. Now gastro- 
intestinal protein loss can be quantitated 
quickly and accurately with yet another 
Medotopes product. These are only a few ex- 
amples of Squibb's early recognition of the 


physician's needs and how they were met 
through active radiopharmaceutical research 
and development. 


important leadership in education Squibb has 
recognized the acute and continuing need 

for trained paramedical personnel to safely 
handle radioisotopes and assist in clinical 
radioisotope studies. This need is being met 
by the Squibb radioisotope orientation pro- 
gram held periodically in various parts of the 
country for hospital pharmacists and tech- 
nologists. The Squibb radioisotope orientation 
program is only part of a comprehensive edu- 
cational program that includes support of 
clinical nuclear medicine symposia and spon- 
sorship of the Squibb Fellowships in Nuclear 
Medicine. 


technical know-how—yours when you need it 
The numerous Squibb representatives, your 
Squibb technical associate and the Squibb 
Medotopes Customer Service Department all 
are at your service and ready to be of assis- 
tance. Whether you need information on a spe- 
cific product or procedure, help in solving a 
technical problem, or assistance in setting up 
a new laboratory, Squibb men are always on 
call. 


the continuing information program The 
series entitled Nuclear Notes — from Squibb®, 
provides periodic reviews of latest technical 
developments in various areas to help keep 
you advised of recent advances in radioisotope 
diagnosis and therapy. A special program en- 
titled Case Histories in Nuclear Medicine is 
also directed to practicing physicians who do 
not use radiopharmaceuticals to acquaint 
them with the diagnostic help that is available 
to them and their patients. Further, your 
Squibb technical associate or representative 
will be happy to show you the variety of 
materials available for your personal use in 
introducing nuclear medicine to potential 
patient-referring colleagues. Included in this 
service is a large private collection of motion 
pictures dealing with nuclear medicine, prints 
of which are available to you for showing. 


These are only a few of the many important 
features and services offered by the Squibb 
Division of Nuclear Medicine. Your Squibb 
representative will be happy to give you more 
details. 


W SIBB 


Radiopharmaceuticals 
for Medicine 


Division of Nuclear Medicine, 
East Brunswick, New Jersey, 08816 





THERAPEUTIC RADIOLOGIST 
THE PRINCESS MARGARET HOSPITAL 


A Junior Non-Permanent Staff position is available for 
a period of ] year at The Princess Margaret Hospital, 
Toronto, Canada, to participate in the routine activities 
of the Radiotherapy Department and to undertake 


limited teaching responsibilities. 


More than 3600 new Cancer patients are seen annually 
at The Princess Margaret Hospital, a University of 
Toronto teaching hospital primarily concerned with 
the non-surgical treatment of patients with malignant 
disease. The Department of Biophysics of the University 


of Toronto is housed in the same building. 


Complete training in Therapeutic Radiology is essen- 
tial, and applicants must have qualifications accepta- 
ble for registration with The College of Physicians 
and Surgeons of Ontario. Salary: $12,000.00 per year 


with travel assistance (maximum $1,000.00). 
Enquiries should be sent to: 


W. J. Simpson, M.D., F.R.C.P. (C). 
Chairman, Interne Committee, 
The Princess Margaret Hospital, 
500 Sherbourne St., Toronto 5, 
Ontario, Canada. 


CHIEF OF 
RADIOLOGY 


Position in modern 550 bed hospital located 
in pleasant residential area in Brooklyn. New 
York State license & board certification re- 
quired. 


Must be experienced in administration of ra- 
diology & knowledge of special procedure work. 
Excellent salary & fringe benefits. 


Direct inquiries to 
Mr. Frank J. McCarthy 
Affiliation Administrator 


CONEY ISLAND HOSPITAL 


Affiliate with Maimonides Medical Center 


2601 Ocean Parkway 
Brooklyn N.Y. 11235 
Telephone (212) SH 3-4100, Ext. 515 

















Litton Medical Products / 


A Litton Industries Group, Profexray Division 
515 East Touhy Avenue e Des Plaines, Illinois 60018 





A COMPLETE RADIOGRAPH OF THE ENTIRE MOUTH 
ON A SINGLE | EMNE--elahs[-BRRE T 


PANOREX 


Panorex gives a clear panorama of all dental structures. Midline 
and centrals are indicated twice. Clear center area is due to 
absence of radiation when chair shifts the patient automatically. 


Here the clear center area is eliminated by cutting 
the film on the midlines. In pedodontics, ortho- 
dontics, serial extractions etc., Panorex is 
unequalled. 


Remote control 
90KV—15MA 
for both 
periapical and 
cephalometric 
radiography. 


Only with Panorex can such diagnostic detail be 
obtained on an unusual case like this involving 
many supernumerary teeth. Just one exposure 
compared to the 14 to 18 for the usual full mouth 
series. 


seating the patient and shooting the 
picture takes under two minutes 
with Panorex. Tubehead rotates 
around patient's head to record the 
complete oral cavity. Synchronized 
fiim and image conform to dental 
arch. Chair shifts automatically, 
changing rotation from one side of the 
arch to the other while bypassing the 
spine. X-ray beam is off during shift, 
and resulting image is essentially uni- 
form in size. Let us tell you more 
about Panorex, the revolutionary ma- 
chine that gives a complete radio- 
graph of the entire mouth in 1/10th 
of the time needed for a full mouth 
series. Write 


S.S.WHITE COMPANY X-RAY DIVISION 


A DIVISION OF PENNSALT CHEMICALS CORPORATION 


COMMUNITY DRIVE, GREAT NECK, NEW YORK 11021 





Aortography 
(percutaneous retrograde catheter technique) 
using Hypaque? sodium 50% as the contrast medium 


The six color films illustrated, in which Hypaque was used as contrast medium, were supplied through the 
courtesy of Dr. Robert E. Wise of the Lahey Clinic Foundation, Boston, Massachusetts. 


The technique, employing ordinary x-rays, is described in Medical World News 8:35 (August 11) 1967 and in 
the Lahey Clinic Foundation Bulletin 14:131, 1965. 


and you'll get the same precise black-and-white definition using 


Hypaque' 507 
ium 
brand of sodium distrizümte 


Aortography with Hypaque sodium 50% may give valuable evidence in cases of renal agenesis, 
duplications or ectopia, or of polycystic kidney. Aortograms are also of importance in helping to 
demonstrate aneurysmal change or the degree of patency of the arteriosclerotic vessel, and in 
aiding the surgeon to determine proper surgical management if such is needed especially where 
a stenotic vessel is responsible for life-threatening renal hypertension. Aortograms with Hypaque 
5096 have provided clearly defined needed evidence of pathology prior to surgical intervention. 


ibing information on the last pages of this unit. 





Excretory Urography 


using Hypaque® sodium 50% as the contrast medium" 


*Color technique of Dr. Robert E. Wise 


and you'll get the same precise black-and-white definition using 


Hypaque' 507 
brand of sodium diatrizoate 


Excretory urography with Hypaque sodium 5096 provides the detection of urinary tract lesions, 
without interference with functional activity, without age limit and without anesthesia — 
important advantages when instrumentation is undesirable. 





Cerebral Arteriography 


using Hypaque? sodium 50% as the contrast medium” 


*Color technique of Dr. Robert E. Wise 


and you'll get the same precise black-and-white definition using 


Hypaque' 507 
brand of sodium diatrizoate 


Cerebral arteriography with Hypaque sodium 50% has proved most useful in localizing and 
identifying intracranial lesions. Because it demonstrates both pathologic anatomy and physiol- 
ogy in such disorders as aneurysms, hematomas, angiomatous formations, meningiomas, glio- 
blastoma multiforme, and other neoplasms, this procedure may provide diagnostic information 
frequently unobtainable by other means. 


Please read the summary of prescribing information on the last pages of thts unit. 





Angiocardiography 


using Hypaque-M, 75% as the contrast medium* 


*Color technique of Dr. Robert E. Wise 


and you'll get the same precise black-and-white definition using 


Hypaque-M, 75% 


brand of Sodium and meglumine diatrizoates 


Because the cardiac chambers and great blood vessels of the thorax can be effectively visualized 
with Hypaque-M 75% (90% may be used alternatively), it provides an invaluable aid in the 
diagnosis of a variety of congenital and acquired cardiac defects. Angiocardiography has also 
proved useful in the study of neoplastic and infectious diseases of the heart. Hypaque-M 75% 
used for this purpose is freely miscible with blood, relatively non-irritating and nontoxic in 
recommended dosage, and is rapidly eliminated by the kidneys. 

P 





Nephrotomography 


using Hypaque-M, 90% as the contrast medium 


*Color technique of Dr. Robert E. Wise 


M 1 sA * 


and you'll get the same precise black-and-white definition using 


Hypaque-M, 90% 


brand of Sodium and meglumine diatrizoates 


One of the newer methods employed to reveal the nature of renal lesions is nephrotomography 
— 2a combination of rapid intravenous nephrography and body-section radiography which pro- 
vides precise delineation of renal parenchyma. Nephrotomography with Hypaque-M 90% is 
used primarily to differentiate renal cysts from neoplasms, but may also be indicated to dis- * 
tinguish renal from extrarenal masses and to demonstrate congenital anomalies of the kidney. 


Please read the summary of prescribing information on the last pages of this unit. 





Retrograde Pyelography 


using Hypaque' sodium 20% as the contrast medium* 


"Color technique of Dr. Robert E. Wise 


SERIA 


and you'll get the same precise black-and-white definition using 


Hypaque' 20% 


Sodium R 
brand of sodium diatrizoate 


When loss of renal function or other causes result in unsatisfactory delineation of the urinary 


tract with intravenous techniques, retrograde pyelography with Hypaque sodium 20% solution 
can provide excellent anatomical details. 


Please read the summary of prescribing information on the last pages of this unit. 
P 





Unsurpassed 


e CONTRAST 
e TOLERANCE 


Pathology precisely defined 


with 


Hypaque 50% and 20% 


sodium 
brand of sodium diatrizoate 


5096, ampuls of 30 ml., vials of 20 and 30 ml. 
20%, bottles of 100 mg. 


Hypaque-M, 75% and 90% 
brand of sodium and meglumine diatrizoates 


75%, vials of 20 and 50 ml. 
90%, vials of 20 and 50 ml. 


linffrog\ PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS 


WINTHROP LABORATORIES 
EW YORK, N. Y. 10016 





Summary of Full Prescribing Information 


Hypaque^ Sodium 50% 
brand of sodium diatrizoate 


Sterile Aqueous Injection (Weight/ Volume) 


Warning: Do not use Hypaque sodium (brand of sodium diatri- 
zoate) for myelography. Injection of even a small amount into 
the subarachnoid space may produce convulsions and result 
in fatality. 


Excretory Urography 


Side Effects: Usually of a minor nature, such as nausea, vomit- 
ing, excessive salivation, flushing, dizziness, urticaria, and mus- 
cular twitching— have occurred in 10 to 14 per cent of the 
patients who have received the compound intravenously. Vein 
cramp rarely occurs, and the medium produces no bitter (me- 
tallic) taste. 

Allergic reactions such as shock, asthma, nasal and con- 
junctival symptoms, and dermal reactions have occasionally 
occurred. Transient proteinuria may occur on occasion follow- 
ing injection of radiopaques. 

Excretory urographic agents may produce symptoms of an 
anaphylactic nature in sensitive persons. Patients should be 
watched carefully during injection as serious reactions, includ- 
ing fatalities, have occurred with all commonly used media. 
special care is advisable in persons with a history of bronchial 
asthma or other allergic manifestations of sensitivity, especially 
to iodine. Infrequently "iodism" (salivary gland swelling) from 
organic compounds appears two days after exposure and sub- 
sides by the sixth day. 

Following administration of Hypaque to euthyroid patients in 
excretory urography, protein-bound iodine is elevated and the 
thyroid |'?' uptake is lowered, returning to normal after the 
third and fourth days, respectively. 

Preventive Measures: According to Pendergrass et al. the fol- 
lowing precautions have been recommended to help prevent 
reactions in intravenous urography: (1) obtain a history of per- 
sonal and familial allergies (for example, bronchial asthma, hay 
fever, and eczema), of previous iodine studies and of sensitivity 
to iodine and other drugs, (2) make a preliminary sensitivity 
test, (3) give preliminary antihistaminic medication, and (4) 
have medications on hand for emergency use. 
Contraindications and Precautions: Use of the medium is con- 
traindicated in patients with advanced renal destruction asso- 
ciated with severe uremia. However, in azotemic patients with 
varying degrees of renal insufficiency, Schwartz et al. reported 
that the intravenous administration of twice the usual dose of 
Hypaque produced little evidence of nephrotoxicity as deter- 
mined by plasma creatinine concentration. Caution is advised 
in patients with hyperthyroidism, hypertension, severe cardio- 
vascular disease or active tuberculosis, and in patients with a 
history of asthma or other allergic manifestations, or of sensi- 
tivity to iodine. 

Because of the possibility of inducing temporary suppression 
of urine, it is wise to allow an interval of at least 48 hours to pass 
before repeating excretory or retrograde pyelography in patients 
with unilateral or bilateral reduction of normal renal function. 

Most clinicians consider multiple myeloma an absolute con- 

traindication to excretory urography because of the great possi- 
bility of producing transient to fatal renal failure. Others believe 
that the risk of causing anuria is definite but small. 
Treatment of Reactions: Should a reaction occur, treatment is 
generally symptomatic and depends on the judgment of the 
attending physician. According to Pendergrass et al. (1955), a 
trained anesthesiologist can render valuable assistance. An 
extremely severe reaction may be manifested by signs and 
symptoms relating to the cardiovascular system (shock, fall 
in blood pressure, weak thready pulse, etc.), to the respira- 
tory system (dyspnea, cyanosis, bronchial asthma, pulmonary 
or laryngeal edema), or to the nervous system (restlessness, 
confusion, convulsions). Because anoxia is almost always pres- 
ent, the administration of 100 per cent oxygen, given by a mask 
with a breathing bag and if necessary, an intratracheal airway, 
should immediately be started after the removal of any encum- 
brances. Intravenous infusion of fluids (physiologic saline solu- 
tion, dextrose solution, etc.) also should be started to support 
the circulation. If necessary a vein should be cut down and an 
intravenous needle or plastic tubing inserted and kept in the 
vein in the event of venous collapse. 

For hypotension, vasopressors such as Neo-Synephrine® 
(brand of phenylephrine) hydrochloride may be given intra- 
venously as needed, in doses of 0.2 to 0.5 mg. Should this 
prove ineffective within one minute, a continuous infusion of 
Levophed® (brand of levarterenol) bitartrate should be started, 
using a dilution prepared by mixing 4 ml. of a 0.2 per cent 
solution (equivalent to 0.1 per cent base) in 500 ml. of a 
5 per cent dextrose solution. Any precipitous rise in blood pres- 
sure may be counteracted by inhalation of amyl nitrite. 

lf convulsions develop, a short-acting barbiturate, such as 
thiopental sodium, should be given intravenously. Symptoms 
suggestive of histamine release (for example, sneezing, flush- 
ing, urticaria, itching, wheezing, or laryngeal edema) may be 
counteracted by the injection of suitable antiallergic agents, 
such as epinephrine solution 1:1000 subcutaneously or intra- 
venously or an antilfstamine intramuscularly or intravenously. 


Hypaque® Sodium 50% brand of sodium diatrizoate (cont.) 
Administration of epinephrine is generally not advised in pa- 
tients with anoxia as it may induce ventricular fibrillation. 
However, its value and dramatic effect when an acute allergic 
reaction occurs may outweigh any such risk (Pendergrass 
et al.). To help combat severe allergic manifestations, a soluble 
preparation of hydrocortisone may be injected intravenously in 
an initial dose of 100 mg. (Weigen and Thomas). 

If pulmonary edema predominates, use of the following 
medicaments in the order listed has been suggested: (1) epi- 
nephrine 1:1000 solution (0.05 to 0.1 ml.) intravenously (with 
caution in persons with anoxia), (2) Demerol® (brand of 
meperidine) hydrochloride 50 mg. intravenously, and (3) solu- 
ble hydrocortisone 100 mg. intravenously (Weigen and Thomas). 
The use of the usual respiratory stimulants (pentylenetetrazol, 
picrotoxin, and nikethamide) is considered contraindicated 
because these drugs may cause convulsions. 

Should cardiac arrest suddenly occur, pounding the chest 
wall is well worth trying as it may stimulate cardiac activity. 
Rocking the knees against the chest wall about sixty times per 
minute in an effort to restore cardiac activity by forcing venous 
blood into the right side of the heart has also been suggested. 
Closed chest cardiac massage by means of rhythmic manual 
compression of the sternum may also be considered as a method 
of resuscitation. 


Retrograde Pyelography 


Side Effects: The nonirritating properties of the compound 
minimize the likelihood of ureteropelvic spasm; in addition, a 
more natural outline of the upper urinary tract is obtained 
because of these properties. The incidence and severity of dis- 
comfort and colic following retrograde examination is also de- 
creased. Excellent tolerance was evidenced by notably few 
untoward reactions. Minor side reactions, which occurred in 
a few patients, consisted of nausea, vomiting, excessive saliva- 
tion, and sweating. There was no indication of irritation to the 
urinary tract mucosa that could be attributed to the medium. 
Oliguria or anuria may, rarely, follow bilateral retrograde pye- 
lography or uncomplicated cystoscopic ureteral manipulation. 

With a 20 per cent solution, reflux of the medium into the 
blood stream or lymphatics (pyelovenous or pyelolymphatic 
backflow) as a result of undue pressure of administration is not 
apt to result in a generalized reaction, since more than twice 
this concentration has been well tolerated when injected intra- 
venously. 


Cerebral Angiography 


Side Effects: Although all contrast media possess some irritating 
and toxic properties, the 50 per cent solution, being less irritat- 
ing than other commonly used media, is generally well tolerated 
in doses employed for cerebral angiography. Defects in arterio- 
graphic technique and the presence of occlusive atherosclerotic 
extracranial cerebral vascular disease constitute the major 
sources of arteriographic complications. Care should be exer- 
cised to avoid contaminating catheters, syringes, needles, and 
contrast media with glove powder or cotton fibers. Side effects, 
usually of a transient nature, include such minor discomforts 
to the patient as a sensation of flushing, warmth or burning, 
slight facial pallor, nausea and, rarely, vomiting. These discom- 
forts are of short duration, persisting for only a few minutes. 
Less likelihood of vessel spasm may be anticipated with the 
50 per cent solution in view of the low incidence of vein cramp 
that has attended intravenous administration for urography. 
Other reported reactions include transient homolateral muco- 
cutaneous petechial hemorrhages within the cutaneous dis- 
tribution of the percutaneously injected carotid artery and its 
branches and transient cerebral blindness as a complication of 
percutaneous vertebral angiography. 

Neurologic complications, including neuromuscular disorders, 
seizures, hemiparesis, unilateral dysesthesias, visual field de- 
fects, language disorders, and respiratory difficulties may occur 
with the use of the 50 per cent solution as with any contrast 
medium introduced into the cerebral vasculature, particularly 
when the extent of the intrinsic lesion is unknown. Such un- 
toward reactions are for the most part temporary, however, and 
some investigators who are experienced in angiographic proce- 
dure emphasize the fact that they tend to occur after several 
injections of the contrast medium or higher doses. Other 
clinicians find that they occur most frequently in elderly 
patients. Inasmuch as the procedure itself is attended by tech- 
nical difficulties regardless of the risk the patient presents 
(e.g., mechanical catheter obstruction of the vertebral artery 
can cause transient blindness), the more experienced the 
radiologic team, the fewer the complications of any degree that 
are apt to arise. 

Contraindications and Precautions: Patients on whom cerebral 
angiography is to be employed should be selected with care. 
The 50 per cent solution should be used with caution in in- 
stances of extreme senility (but not old age per se), advanced 
arteriosclerosis, severe hypertension, and cardiac decompensa- 
tion. Although cerebral angiography has been considered con- 
traindicated in patients who have recently experienced cerebral 
embolism or thrombosis (stroke syndrome), many experts now 
believe that the diagnostic value of the procedure, when em- 





Hypaque® Sodium 50% brand of sodium diatrizoate (cont.) | 
ployed early as an aid in locating lesions amenable to operation, 
outweighs any added risk to the patient. Furthermore, Johnson 
mentions a small number of postangiographic fatalities, includ- 
ing progressive thrombosis already evident clinically before 
angiography, in which the procedure did not appear to play 
any direct role. Patients with cerebrovascular disease should be 
examined primarily by indirect methods of angiography. Carotid 
angiography during the progressive period of a stroke should be 
avoided, particularly on the left side because of the increased 
risk of cerebral complications. This solution should not be 
given to patients with advanced renal destruction and severe 
uremia. 

In using contrast media for cerebral angiography, every pre- 
caution must be taken in order to prevent untoward reactions. 
Reactions may occur from sensitivity to the compound used. 
These reactions also may vary directly with the concentration of 
substance, the amount used, the speed and frequency of injec- 
tions, and the interval between injections. 

In subarachnoid hemorrhage angiography is expected to be 
hazardous. In migraine the procedure can be hazardous because 
of ischemic complications, particularly if performed during or 
soon after an attack. 

Precautions suggested to help prevent and combat untoward 
systemic reactions in cerebral angiography are the same as 
those for intravenous urography. 


Translumbar Aortography 


Hazards of Aortography: The care and experience with which 
the procedure is performed, the amount and type of medium 
used, the age and condition of the patient, and the premedica- 
tion and anesthesia employed, influence the incidence and 
severity of reactions or complications that may be encountered. 
General precautions, contraindications, and treatment of sys- 
temic reactions are the same as those for excretory urography. 

Inherent dangers of aortography include: (1) Renal damage 
and shutdown. (2) Neurologic complications: These occurred 
in only 0.22 per cent of the patients in McAfee's survey; trans- 
verse myelitis or paraplegia were the disturbances noted most 
frequently, and they appeared to be related at least in part to 
the amount of contrast medium employed, that is, larger doses 
are more likely to cause difficulty. (3) Cardiovascular complica- 
tions such as shock, cardiac arrest or failure, and coronary 
occlusion: These occurred in 0.09 per cent of the patients in 
McAfee's survey. (4) Hemorrhage from the puncture site. (5) 
Necrosis of the intestinal wall: This may occur if the medium is 
accidentally injected into the superior mesenteric artery. (6) 
Acute pancreatitis: This occurred in one case receiving hydro- 
chlorothiazide and was considered to have been caused by the 
synergistic effect of the diuretic and contrast medium. (7) Sen- 
sitivity to the medium. 

Temporary reduction of renal function, as measured by 
clearance of creatinine and para-aminohippuric acid, has been 
shown to occur in dogs given injections of the radiopaque 
medium into a renal artery (Mullady et a/.). 

Special caution is advised to avoid inadvertent intrathecal 
injection. 


Direct Cholangiography 


Caution: In the presence of acute pancreatitis, direct cholangi- 
ography should be employed with caution (if at all), injecting no 
more than 5 to 10 ml. without undue pressure. 


Completion Cholangiography 


Side Effects: The 50 per cent solution is very well tolerated by 
the hepatobiliary system, peritoneum, and intestinal tract, but 
it should be recognized that the valuable procedure of direct 
cholangiography is not without risk. Untoward effects may often 
be attributed to undue injection pressure or excessive volume 
of the medium, resulting in overdistention. Such pressure may 
produce a sensation of epigastric fullness, followed by moderate 
pain in the back or right upper abdominal quadrant, which 
will subside when injection is stopped. To prevent duct spasm, 
many suggest that cholangiography precede exploration, using 
a solution at body temperature. Extravasation of the contrast 
medium has been of negligible consequence. 

In 40 per cent of patients, seme of the medium will enter the 
pancreatic duct and a transient elevation of the serum amylase 
level may be noted 6 to 18 hours later, without apparent ill 
effects. Occasionally, nausea, vomiting, fever, and tachycardia 
have been observed. One case of pancholangitis resulting in 
liver abscess has been reported. Direct cholangiography has 
not changed the incidence of pancreatitis (0.5 per cent) follow- 
ing biliary tract surgery. 


Hysterosalpingography 


Contraindications: The procedure should not be performed 
during the menstrual period or when menstrual flow is im- 
minent, nor should it be performed when infection is present 
in any portion of the genital tract, including the external 
genitalia. The procedure is also contraindicated for pregnant 
women or for those in whom pregnancy is suspected. Its use is 
not advised for six months after termination of pregnancy, or 


Hypaque? Sodium 5096 brand of sodium diatrizoate (cont.) 
for 30 days after conization or curettement. 

In patients with carcinoma or in those in whom the condition 
is suspected, caution should be exercised to avoid possible 
spread of the lesion by the procedure. 


Hypaque^ Sodium 20% 
brand of sodium diatrizoate 
Sterile Aqueous Solution 20% (weight/ volume) 


Precautions: It has long been known that oliguria or anuria may 
rarely follow bilateral retrograde pyelography or uncomplicated 
cystoscopic ureteral manipulation. Various mechanisms have 
been proposed to explain this occurrence, such as reflex anuria, 
edema, and occlusion of the ureteral orifices from local trauma, 
pressure, manipulation, sensitivity to the radiopaque medium 
or to residual disinfecting antiseptic on ureteral catheters, 
pyelotubular backflow, transient interstitial renal edema with 
increased pressure, and reduced renal blood flow. Because of 
the possibility of acute renal failure following bilateral retro- 
grade pyelography, some authors conclude that retrograde 
pyelography should be done on only one side at a time. 
Side Effects: The nonirritating properties of the medium mini- 
mize the likelihood of ureteropelvic spasm; in addition, a more 
natural outline of the upper urinary tract is obtained because 
of these properties. There is also a decrease in the incidence 
and severity of discomfort and colic following retrograde ex- 
amination. Excellent tolerance was evidenced by notably few 
untoward reactions. Minor side reactions, which occurred in a 
few patients, consisted of nausea, vomiting, excessive saliva- 
tion, and sweating. There was no indication of irritation of the 
urinary tract mucosa that could be attributed to the medium. 
With Hypaque Sodium 20 per cent, reflux into the blood 
stream or lymphatics (pyelovenous or pyelolymphatic backflow) 
as a result of undue pressure of administration is not apt to 
result in a generalized reaction, since intravenous injection of 
more than double this concentration has been well tolerated. 


Hypaque*M, 75% 
brand of sodium and meglumine diatrizoates 
Sterile Aqueous Injection 75% (weight/volume) 


Caution: The 75 per cent concentration is intended primarily 
for angiocardiography, nephrotomography and selected cases 
of peripheral angiography. Hypaque sodium (brand of diatri- 
zoate sodium) 50 per cent solution is recommended for ex- 
cretory urography, cerebral angiography and most cases of 
peripheral angiography. 

Warning: Do not use Hypaque-M, 75 per cent for myelography. 
Injection of even a small amount into the subarachnoid space 
may produce convulsions and result in fatality. 


Angiocardiography 

Contraindications: Use of Hypaque-M, 75 per cent is contra- 
indicated in patients with advanced renal destruction associated 
with severe uremia. Hypaque-M 75 per cent should not be used 
for myelography. 

Precautions: 1. Caution is advised in patients with hyperthyroid- 
ism, hypertension, active tuberculosis and a history of allergy, 
especially to iodine. Angiocardiography and nephrotomography 
should be performed cautiously in patients with heart disease 
and circulatory failure and should not be employed in patients 
who are in collapse or who are critically ill or debilitated. A renal 
function test is advisable before administration of the 75 per 
cent solution. 

2. Prior to the examination, the patient may be tested for 
sensitivity to the radiopaque medium (See Side Effects and 
Sensitivity Tests.) Patients who show an idiosyncrasy should 
not be given the drug. 

. 3. Premedication with a barbiturate is advisable if the patient 
is extremely nervous. Demerol (brand of meperidine), chlor- 
promazine and antihistamines have also been recommended 
for premedication. Such antihistamines as chlorpheniramine 
maleate or tripelennamine hydrochloride may be administered 
about 30 minutes before injection of the radiopaque medium or 
may be combined with it in a single injection. Many authorities 
recommend general anesthesia for small children and unco- 
operative patients. 

.. 4. Facilities for resuscitation including a mask with a breath- 
ing bag and pure oxygen should be available for immediate 
administration in case of severe reaction. 

5. The sensations to be experienced should be described to 
the patient in order to allay apprehension before injection and 
to prevent excitement afterward. 

6. To facilitate venipuncture, the needle should be sharp, 
the arm extended and the vein large and fully distended. 

7. The syringe must be scrupulously clean in order to prevent 
sticking of the plunger during injection. 

8. If crystals form, the solution should be warmed and ågi-° 
tated until they have redissolved. Injection should be made 
only when the solution is clear and is at a temperature of 
approximately 37.5* C. 

9. Injection should be made only when there is free com- 
munication between needle and vein. When in doubt, another 
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brand of sodium and meglumine diatrizoates (cont.) 

vein should be tried or the test postponed. Vein and needle 
should be watched during injection to prevent displacement of 
the needle or overdistention of the vein. If extravasation occurs, 
the injection should be stopped and a quantity of physiologic 
Saline solution administered through the needle to dilute the 
radiopaque medium and to lessen the possibility of irritation. 

10. Some authorities advise that repeated injections should 

not be, given in close sequence and, if possible, should be 
avoided. 
Side Effects and Sensitivity Tests: As with other radiopaque 
mediums, certain side effects occasionally may be encountered, 
although the 75 per cent solution has been well tolerated when 
given in recommended dosages. Serious complications follow- 
ing angiocardiography may be due to varying and perhaps 
unrelated factors. Symptoms may be due to the speed of 
injection and the anxiety and psychic stress associated with 
the examination, as well as to the material injected. Side effects 
will usually be minor and transient and may include a sensation 
of warmth and flushing, nausea, vein cramp, mild tachycardia, 
metallic or acid taste, tightness in the chest, headache, cough 
or urticaria. Delayed reactions may occur. Venous thrombosis 
has not been observed in patients receiving the 75 per cent 
solution, but as with any rapidly injected hypertonic solution, 
the possibility of this complication exists. 

Angiocardiographic contrast mediums may produce symp- 
toms of an anaphylactic nature in sensitive persons. Patients 
should be observed carefully during injection, as serious reac- 
tions including fatalities have occurred with most mediums. 
Since it is believed that reactions to intravenously administered 
organic iodine radiopaque agents are more likely to develop in 
patients with allergic diathesis, special care is advisable in 
persons with a history of asthma or other allergic manifesta- 
tions. 

Various methods have been advocated to detect sensitivity to 
contrast mediums, particularly conjunctival, oral, intradermal 
and intravenous testing. Conjunctival, oral and intradermal 
tests are not reliable, since reactions to them are generally 
caused by direct local vascular effect. Occasionally a severe 
reaction in the eye has followed a conjunctival test. An intra- 
venous test is more likely to demonstrate sensitivity, although 
a negative reaction does not necessarily rule out the possibility. 
A small dose of 0.5 to 1 ml. is slowly injected intravenously 
over a period of one minute, followed by a period of observa- 
tion sufficiently long to detect delayed reactions. Although 


allergic reactions generally occur quickly, occasionally they may 


not be manifested for 10 or even 15 minutes. 

Warning signs and symptoms of possible intolerance or 
allergy include respiratory difficulty (wheezing, dyspnea or 
sensation of suffocation or tightness in the throat or chest), 
sneezing, itching, urticaria, nausea or vomiting and fainting. 
Treatment of Reactions: (Same as with Hypaque Sodium 50%) 


Nephrotomography 
Contraindications, Precautions, Side Effects and Treatment of 
Reactions: See Angiocardiography. 


Hypaque*M, 90% 


brand of sodium and meglumine diatrizoates 


Sterile Aqueous Injection 90% (weight/volume) 


Caution: Hypaque-M, 90 per cent is intended primarily for 
angiocardiography, nephrotomography, hysterosalpingography 
and selected cases of peripheral angiography. Hypaque sodium 
50 per cent solution is recommended for excretory urography, 
cerebral angiography and most cases of peripheral angiography. 
Warning: Do not use Hypaque-M, 90 per cent for myelography. 
Injection of even a small amount into the subarachnoid space 
may produce convulsions and result in fatality. 


Angiocardiography 

Contraindications: Use of Hypaque-M, 90 per cent is contra- 
indicated in patients with advanced renal destruction associated 
with severe uremia. Hypaque-M, 90 per cent should not be used 
for myelography. 

Precautions: 1. Caution is advised in patients with hyperthyroid- 
ism, hypertension, active tuberculosis and a history of allergy, 
especially to iodine. Angiocardiography and nephrotomography 
should be performed cautiously in patients with heart disease 
and circulatory failure and should not be employed in patients 
who are in collapse or who are critically ill or debilitated. 
A renal function test is advisable before administration of 
Hypaque-M, 90 per cent. 

2. Prior to the examination, the patient may be tested for sen- 
sitivity to Hypaque-M, 90 per cent. (See Side Effects and Sensi- 
tivity Tests.) Patients who show an idiosyncrasy to Hypaque-M, 
90 per cent should not be given the drug. 

3. Premedication with a barbiturate is advisable if the patient 
is extremely nervous. Demerol (brand of meperidine), chlor- 
promazine and antihistamines have also been recommended 
fore premedication. Such antihistamines as chlorpheniramine 
maleate or tripelennamine hydrochloride may be administered 
about thirty minutes before injection of Hypaque-M, 90 per 
cent or may be combined with it in a single injection. Many 
authorities recommend general anesthesia for small children 
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Hypaque®-M, 90% 
brand of sodium and meglumine diatrizoates (cont.) 
and uncooperative patients. 

4. Facilities for resuscitation including a mask with a breath- 
ing bag and pure oxygen should be available for immediate 
administration in case of severe reaction. 

5. The sensations to be experienced should be described to 
the patient in order to allay apprehension before injection and 
to prevent excitement afterward. 

6. To facilitate venipuncture, the needle should be sharp, the 
arm extended and the vein large and fully distended. 

7. The syringe must be scrupulously clean in order to prevent 
sticking of the plunger during injection. 

8. Hypaque-M, 90 per cent should be warmed and agitated 
until all suspended crystals have redissolved. Injection should 
be made only when the solution is clear and is at a temperature 
of approximately 37.5°C. 

9. Injection should be made only when there is free com- 
munication between needle and vein. When in doubt, another 
vein should be tried or the test postponed. Vein and needle 
Should be watched during injection to prevent displacement of 
the needle or overdistention of the vein. If extravasation occurs, 
the injection should be stopped and a quantity of physiologic 
saline solution administered through the needle to dilute the 
Hypaque-M, 90 per cent and to lessen the possibility of irrita- 
tion. 

10. Some authorities advise that repeated injections should 
not be given in close sequence and, if possible, should be 
avoided. 

Side Effects and Sensitivity Tests: Serious complications follow- 
ing angiocardiography may be due to varying and perhaps 
unrelated factors. Symptoms may be due to the speed of injec- 
tion and the anxiety and psychic stress associated with the 
examination, as well as to the material injected. Side effects 
noted with Hypaque-M, 90 per cent were usually of a minor 
and transient nature and included a sensation of flushing or 
warmth, nausea, vein cramp, mild tachycardia, metallic or 
acid taste, tightness in the chest, headache, cough or urticaria. 
Delayed reactions may occur. Venous thrombosis has been 
observed in patients following the percutaneous insertion of 
the injection needle. This complication may be anticipated, 
however, when concentrated hypertonic solutions are injected 
rapidly. In skilled hands, the administration of Hypaque-M, 90 
per cent is attended by comparatively few untoward reactions. 

Angiocardiographic contrast mediums may produce symp- 
toms of an anaphylactic nature in sensitive persons. Patients 
should be observed carefully during injection, as serious reac- 
tions including fatalities have occurred with most mediums. 
Since it is believed that reactions to intravenously administered 
organic iodine radiopaque agents are more likely to develop 
in patients with allergic diathesis, special care is advisable in 
persons with a history of asthma or other allergic manifestations. 

Various methods have been advocated to detect sensitivity to 
contrast mediums, particularly conjunctival, oral, intradermal 
and intravenous testing. Conjunctival, oral and intradermal 
tests are not reliable, since reactions to them are generally 
caused by a direct local vascular effect. Occasionally a severe 
reaction in the eye has followed a conjunctival test. An intra- 
venous test is more likely to demonstrate sensitivity, although 
a negative reaction does not necessarily rule out the possibility. 
A small dose of from 0.5 to 1 ml. is slowly injected intravenously 
over a period of one minute, followed by a period of observa- 
tion sufficiently long to detect delayed reactions. Although 
allergic reactions generally occur quickly, occasionally they 
may not be manifested for ten or even fifteen minutes. 

Warning signs and symptoms of possible intolerance or 
allergy include respiratory difficulty (wheezing, dyspnea or 
sensation of suffocation or tightness in the throat or chest), 
sneezing, itching, urticaria, nausea or vomiting and fainting. 
Treatment of Reactions: (Same as with Hypaque Sodium 50%) 


Nephrotomography 
Contraindications, Precautions, Side Effects and Treatment of 
Reactions: See Angiocardiography. 


Hysterosalpingography 

Contraindications: The procedure should not be performed 
during the menstrual period or when menstrual flow is immi- 
nent, nor should it be performed when infection is present in 
any portion of the genital tract, including the external genitalia. 
The procedure is also contraindicated for pregnant women or 
for those in whom pregnancy is suspected. Its use is not ad- 
vised for six months after termination of pregnancy, or for 
thirty days after conization or curettement. 

Precautions: |n patients with carcinoma or in those in whom 
the condition is suspected, caution should be exercised to 
avoid possible spread of the lesion by the procedure. 


Pathology Precisely Defined 
Hypaque^ Sodium 50% and 20% 


brand of sodium diatrizoate 


Hypaque*M, 75% and 90% 


brand of sodium and meglumine diatrizoates 
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NATURAL HISTORY AND SURGICAL TREATMENT 
OF OCCLUSIVE CEREBROVASCULAR DISEASE 
EVALUATED BY SERIAL ARTERIOGRAPHY* 


By RAYMOND B. BAUER, M.D., R. S. BOULOS, M.D.,f and JOHN S. MEYER, M.D. 


HE clinical progression that occurs in 
many cases of cerebrovascular disease 
over an interval of 3 or more years 
prompted us to plan a prospective investi- 
gation to observe any concomitant ad- 
vance of arteriosclerotic and atherosclerotic 
abnormalities of the extra and intracranial 
vessels. "os 
Little has been published concerning re- 
peated arteriographies performed at inter- 
vals of months and years in patients with 
occlusive cerebrovascular disease to ascer- 
tain whether there 1s any progression de- 
tectable by arteriography which might be 
correlated with clinical signs of progres- 
sion. There have been a few reports of ar- 
teriographies which were repeated in sub- 
jects with strokes after a clinical episode 
in order to ascertain its cause.!:5:6.9 
In order to provide such information 
serial arteriographies have been made at in- 
tervals of months or years in a series 
treated at the Wayne Center for Cerebro- 


vascular Disease at the Harper and Detroit 
General Hospitals. Cerebral arteriography 
was repeated on 2 or more occasions at in- 
tervals ranging from 2 to 64 months and the 
patients were examined for clinical signs of 
progression biannually. Twenty of the 49 
patients had surgery on one or more of the 
cephalic vessels in the neck. Certain aspects 
of the surgical results as determined by 
serial arteriographies will also be briefly re- 
ported. 


CASE MATERIAL AND METHODS OF 
INVESTIGATION 


CASE SERIES 


All patients in this series complained of 
signs and symptoms due to occlusive cere- 
brovascular disease. They were subjected 
to a standard diagnostic investigation 
which has been developed over several 
years in the Department of Neurology of 
Wayne State University. This investiga- 
tion included a detailed history as well as 


* From the Department of Neurology, Wayne State University, School of Medicine and Harper and Detroit General Hospitals, 


Detroit, Michigan. 


+ Department of Radiology, Faculty of Medicine, University of Alexandria, Alexandria, U. A. R. Formerly Fellow of the Michigan 


Heart Association. 


This work was supported by grants from the U. S. Public Health Service and the Research Corporation of Detroit General Hospital. 
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general physical and neurologic examina- 
tion. Certain routine laboratory studies 
were also carried out, including evalua- 
tion for metabolic disorders such as di- 
abetes, hypothyroidism and hypercholes- 
terolemia. Electroencephalograms, electro- 
cardiograms, cerebrospinal fluid analyses, 
and skull and cervical spine roentgeno- 
grams were obtained in every case. Radio- 
active mercury brain scannings were also 
made in many cases. 


ARTERIOGRAPHIC TECHNIQUES 


Arteriography was performed by various 
techniques depending on the clinical status 
of the patient. These included: direct in- 
jection into the carotid artery, retrograde 
injection via the brachial or axillary ar- 
teries, retrograde catheterization and in- 
jection of the aortic arch via the femoral 
artery and retrograde injection of the sub- 
clavian artery. 

As a result of 10 years’ experience, the 
routine procedure recommended for most 
cases is bilateral transbrachial injection 
plus direct injection of the left carotid ar- 
tery.* Retrograde transfemoral catheteriza- 
tion with aortic arch injection is reserved 
for selected cases. A rapid automatic cas- 
sette changer for serial films during arterial 
and venous filing (Shónander) has been 
employed for the last 6 years. 


INDICATIONS FOR SERIAL ARTERIOGRAPH Y 


The indications for repeated angio- 
graphic examinations in 25 of the 49 pa- 
tients were recurrent neurologic symptoms 
and signs. Twenty-three patients were sub- 
jected to repeated arteriography on an 
elective basis or to determine 1f surgery had 
been successful, although no new neurologic 
symptoms had developed.* In the remain- 
ing case arteriography was repeated be- 
cause, in the interval, signs and symptoms 
of ischemia had developed in the left arm. 


AGE AND SEX 


The patients varied in age from 42 to 80 


* "Thirteen of these patients had previously undergone surgery. 
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years with an average of 58.4 years. There 
were 35 males and 14 females. 


CLINICAL CLASSIFICATION 


The patients were classified clinically ac- 
cording to whether they had signs and 
symptoms of infarction (completed stroke), 
transient ischemic attacks (TIA), or less 
rapidly reversible ischemic neurologic def- 
icits (RIND) affecting the cerebral hemi- 
spheres and/or the brain stem. 

Twenty-seven patients had clinical evi- 
dence of infarction within one cerebral hemi- 
sphere; 2 of them also had TIA’s; and 3 
also had signs and symptoms due to brain 
stem ischemia. Eight patients had clinical 
evidence of brain stem infarction. 

TIA and RIND were the presenting 
complaints in 12 patients, 4 of whom had 
hemispheric ischemia, 7 brain stem ische- 
mia and 1 case had symptoms of ischemia 
of both brain stem and cerebral hemisphere. 
One patient presented with a combination 
of cerebral and brain stem infarction and 
the remaining case had generalized arterio- 
sclerosis with arteriosclerotic dementia. 

The interval between the initial and final 
arteriographic examination varied from 2 
to 64 months with an average of 24.9 
months. Eleven patients had 3 arterio- 
graphic examinations made at intervals. 

The clinical follow-up extended over a 
period of 13 to 87 months, with an average 
of 36.2 months. In 22 patients, clinical ob- 
servation has been continued for 1 year or 
more after the last arteriography. The 
total duration of symptoms in this group of 
patients averaged 59.6 months with a range 
of 14 to 150 months. Eleven patients have 
died since the study was initiated. 


METHOD OF ARTERIOGRAPHIC INTERPRETATION Ë 


All arteriograms were compared at least 
twice and correlated with the clinical eval- 
uation made independently by other neu- 


T In this communication the authors arbitrarily define "athero- 
sclerosis" as segmental luminal defects revealed by the injection 
of radiopaque contrast media and presumed to be due to athero- 
sclerotic plaques. "'Arteriosclerosis" is arbitrarily defined as 
kinking, tortuosity, elongation and diffuse narrowing of the 
cerebral vessels. 
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rologists at this center. Vascular lesions 
were classified according to location as 
follows: innominate artery, subclavian ar- 
tery, common carotid artery, internal 
carotid artery at its origin and cervical por- 
tion, siphon of the internal carotid artery, 
anterior cerebral artery, middle cerebral 
artery, origin of the vertebral artery, sec- 
ond portion of the vertebral artery, third 
and fourth portions of the vertebral artery, 
and basilar artery. 

Although observations were made re- 
garding the presence or absence of gener- 
alized atherosclerosis and arteriosclerosis 
of the various small intracranial vessels, ob- 
jective measurement of changes is difficult 
and not always reliable in vessels less than 
2 mm. in caliber, so that these data will not 
be discussed. 

Forty-two of the 49 patients had satis- 
factory visualization of all 4 major extra- 
cranial and intracranial vessels at the initial 
study. At subsequent arteriography, 4- 
vessel angiography was not routinely per- 
formed, but the vessels that were clinically 
suspect were revisualized. Parts of a vessel 
were classified as nonvisualized if they were 
not seen in their entirety. For example, 
when a direct puncture of the left internal 
carotid artery was performed, the left com- 
mon carotid artery was classified as non- 
visualized. 

Lesions of the vertebral arteries were 
classified according to their 4 anatomic 
segments. The first segment (henceforth re- 
ferred to as the vertebral artery origin) in- 
cludes the artery from its origin to its en- 
trance into the bony canal of the cervical 
spine. The second segment, also referred to 
as the cervical segment, includes the verte- 
bral artery in 1ts course through the bony 
canal. The third segment includes the por- 
tion of the artery that passes around the 
lateral process of the atlas to the point of 
entrance into the skull. The fourth segment 
is the intracranial portion. Lesions of the 
third and fourth portions were combined. 

The degree of vascular stenosis was 
measured with a millimeter rule at the 
point of stenosis. This reading was sub- 


Occlusive Cerebrovascular Disease 


tracted from the diameter of the "normal" 
part of artery close to the stenosis. The de- 
gree of "stenosis" 1s therefore classified in 
"percentage" of diameter of the normal 
artery. For example, if the "normal" di- 
ameter of a vessel measures 10 mm. in 
diameter and a stenosis 4 mm., the lesion 
was classified as occluding 40 per cent of the 
lumen. In practice, this method was found 
to be conservative since the actual degree 
of obstruction measured at surgery was 
frequently greater than that predicted bv 
arteriography. 


RESULTS 


The results are tabulated in Table 1 and 
will be briefly summarized according to the 
artery examined. 


LEFT COMMON CAROTID ARTERY (LCC) 


Initially, 13 patients had the entire left 
common carotid artery visualized. It was 
revisualized later in 8 patients with an 
average follow-up of 34 months. Seven 
cases showed no change: 5 remained 
normal, 1 showed no change in a plaque 
causing IO per cent stenosis close to the 
bifurcation and 1 showed no change in a 
complete occlusion at the origin. In the re- 
maining case, a plaque close to the bifurca- 
tion progressively stenosed the lumen from 
20 per cent to 40 per cent in 13 months. 


RIGHT COMMON CAROTID ARTERY (RCC) 


Forty-two patients had revisualization 
of the entire right common carotid artery. 
In 35 there was no change, 33 remaining 
normal. In 2 cases, there was no change in 
plaques causing stenosis of 30 per cent 
close to the bifurcation after intervals of 22 
and 34 months, respectively. In 7 subjects 
progressive disease occurred: 3 were normal 
at the initial examination; 1 showed irregu- 
lar atherosclerosis when revisualized 58 
months later; a second had developed a 
rapidly progressing plaque which caused 45 
per cent stenosis 1 5 months later; the third 
had developed a plaque causing 30 per cent 
stenosis close to the bifurcation 18 months 
later. 
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TABLE I 


VESSEL STATUS INITIALLY AND AT REVISUALIZATION 


(Excluding Operated Vessels) 
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* Key to abbreviations: LCC =Left common carotid; RCC =Right common carotid; LIC =Left internal carotid; RIC = 


Right internal carotid; 


LCS —Left carotid siphon; RCS =Right carotid siphon; LAC =Left anterior cerebral; RAC =Right anterior cerebral; LMC =Left middle cerebral; 
RMC =Right middle cerebral; Innom. =Innominate; L. Sub. =Left subclavian; R. Sub. — Right subclavian; LVO =Left vertebral origin; RVO = 
Right vertebral origin; LV2 —Left vertebral, znd portion; RV2 — Right vertebral, 2nd portion; LV3, 4=Left vertebral, 3rd and 4th portion; RV, 


4 — Right vertebral, 3rd and 4th portion; Bas. = Basilar. 


Four patients showed an increase in the 
size of plaques noted at the first examina- 
tion. [n one a 25 per cent stenosis had in- 
creased to 40 per cent 11 months later. A 
second had progressed from 10 per cent 
stenosis to 30 per cent 35 months later and 
a third had progressed from 10 per cent to 
40 per cent within 48 months. The fourth 
originally showed a plaque of 70 per cent 
just below the bifurcation with complete 
occlusion of the right internal carotid ar- 
tery just above it. An unsuccessful attempt 
at endarterectomy was performed and ar- 
teriography repeated 29 and 46 months 
later revealed complete occlusion of the 
entire right common carotid artery at its 
origin from the innominate artery. 


LEFT INTERNAL CAROTID ARTERY (LIC) 


Thirty patients had repeated examina- 
tions of the left internal carotid artery. Of 
25 patients without any surgical procedure, 
14 (56 per cent) had normal vessels which 
remained unchanged with an average time 
interval of 30.8 months. In 5 instances, 
arteriographics were repeated 4 years or 
more after the initial examination. 


Nine subjects (36 per cent) had lesions 
which showed no progression. In 1 case a 
normal vessel developed a stenosis of 3; 
per cent at the origin 14 months later and 
another with 3o per cent stenosis at the 
origin progressed to 40 per cent within 17 
months. The lesions which remained stable 
included irregularity and dilatation, var- 
ious degrees of stenosis and 2 cases with 
complete occlusion. 

Fourteen cases had surgerv of the left 
internal carotid artery (Table 11). In 1 case, 
the artery was not revisualized after sur- 
gery. Six patients, who preoperatively 
showed stenosis of 40-95 per cent were 
found to be arteriographically normal post- 
operatively 3-48 months later. One case 
with a stenosis of 65 per cent after surgery 
showed a stenosis at the suture line of so 
per cent (Fig. 1, 27-6). 

In 7 vessels surgical reconstruction did 
not restore normal continuity. Two vessels 
with a ṣo per cent and 40 per cent stenosis 
were completely occluded at postoperative 
arteriography. In 2 patients the left inter- 
nal carotid artery was almost completely 
occluded at the initial study. Only a thread 
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Tanig II 


ARTERIOGRAM STATUS OF OPERATED VESSELS 




















| 
Per Cent Stenosis | 


[Interval 
(mo.) 





Arterv Remarks 


Preoperative 


Postoperative 





50% stenosis above operative site 
50% stenosis above graft (Fig. 1, .7-C) 
Endarterectomy (Fig. 2, .7-C) 


Left internal carotid 35 Irregularity 
65 Normal 
30+ 75 

kink 
40 Normal 
45 |. Normal 
95 Narrow vessel 
40 Nonvisualized 
50 Normal 
40 100 

Narrow vessel 

80 100 

50 Normal 

95 Normal 

80 40 





Carotid artery measured 3.5 mm. 





Exploration only 
Carotid artery measured 3 mm. 





25% stenosis of common carotid below 
surgery 


Right internal carotid j 40 Normal 








40 Normal 
100 Arteriogram done 10days after operation, 
also showed occlusion 





Normal 
100 | Vessel was patent 1 week postoperatively 
Patent, but 

irregular | 
1$ (Fig. 3, 4 and B) 
Normal 
Patent 


40%% stenosis for 3 cm. above graft 





Right vertebral origin 2 ‘ 100 
Normal 
Normal 











Left vertebral origin z 80 


Patent on arteriogram 10 days postoper 
atively (Fig. 3, C-E) 











* Case numbers in this Table correspond with Case numbers in Table IV. 


of opaque medium was visible for 4 or 5 cm. 
cephalad to an almost complete occlusion 
and in only 1 was there intracranial filling. 
In both cases, the artery was patent when 
revisualized 7 and 12 months postopera- 
tively with good intracranial filling. How- 
ever, the site of reconstruction at the origin 
of the arteries was still narrowed, measur- 
ing 3 mm. in one case and 3.5 mm. in the 
other. 

Another patient showed a reduction in 
the degree of stenosis from 80 per cent to 
40 per cent when re-examined 13 months 
after sugery. On the other hand, I case 
with a 35 per cent stenosis at the bifurca- 
tion preoperatively, was found to have a 
co per cent stenosis with irregularity at the 
site of surgery when re-examined 9g months 
later. 


Another patient (Case 4; Table 11) 
showed a 30 per cent stenosis of the origin 
of the left internal carotid artery with 
elongation and kinking distally, decreasing 
the lumen by 20 per cent. At surgery, the 
external carotid artery was divided in order 
to correct the kink of the internal carotid 
artery. Repeat arteriography 44 months 
later showed progression of the plaque at 
the origin from 30 per cent to 75 per cent 


(Fig. 2, 4-C). 


RIGHT INTERNAL CAROTID ARTERY (RIC) 


Forty-seven patients had the right in- 
ternal carotid artery re-examined. In 38 
patients with no surgical procedure, 13 
normal vessels (34.2 per cent) remained 
normal and 3 normal vessels (7.9 per cent) 
became abnormal. Twelve vessels with le- 
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l'1G. 1. Case 3 (Tablei1). A 54 year old white male who had suffered right cerebral infarction with recover) 
to full ambulation and functional use of the left upper extremity. 

(4) July 22, 1963: Left carotid arteriogram demonstrates a 65 per cent stenosis of the left internal carotid 
artery. The right internal carotid artery had a 30 per cent stenosis. (B) August 5, 1963: Postoperative arterio 
gram of left internal carotid artery. Endarterectomy and vein patch graft were performed. The previously 
narrowed segment is patent, but a £o per cent stenosis and other irregular sites are present above the opera 
tive site. (C) May 6, 7965: Repeat arteriogram demonstrates no further change. 

This patient has had no further cerebrovascular symptoms, although he has undergone surgery for ar 
teriosclerotic narrowing of the iliac and femoral arteries. 


sions (31.6 per cent) showed no progres- 


sion over an average interval of 23.9 
months, while 10 vessels (26.3 per cent) 
showed evidence of worsening of their pre- 
existing lesions. 

Thirteen vessels remained normal over 
an average interval of 19.7 months. Of the 
12 vessels with stable lesions, 2 were oc- 
cluded from the start and remained so 28 
and 20 months later, the others showed 
stenosis of 20-80 per cent over an average 
interval of 24.4 months. 

Thirteen vessels developed new lesions 
or showed progression of old lesions. Three 
normal vessels showed plaques causing 15, 
20, and 33 per cent stenosis at arterio- 
graphy performed after 48, 53, and 54 


months, respectively. Eight vessels showed 
progression of stenotic plaques from 10 to 
40 per cent over a mean interval of 28.4 
months. One vessel showed increased ir- 
regularity at the origin of the right internal 
carotid artery when revisualized £8 months 
after the initial arteriographv. A tenth 
vessel was erronously considered to be 
normal in a patient with a transient left 
hemiparesis. In the lateral view, a narrow 
line of nonopacification, less than 1 mm. in 
width extended across the diameter of the 
vessel. This "line" was 4 cm. above the 
origin of the internal carotid artery where 
an angulation was apparent. Two months 
later, when the patient suffered a left hemi- 
plegia, repeat arteriography revealed com- 
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plete occlusion at the former point of angu- 
lation. 

Nine patients had surgery of the right 
internal carotid artery (Table 11). Four 
vessels with lesions causing 40-75 per cent 
stenosis appeared normal when arterio- 
graphy was repeated after operation. One 
patient with an initial stenosis of 80 per 
cent showed some irregularity of the vessel 
at the operative site 12 months postoper- 
atively. In 1 case, the stenosis was reduced 
from 45 to 15 per cent (Fig. 3, Z and 5). 
Another case in which a graft was used to 
correct a 40 per cent stenosis showed a 
widely patent artery 13 months postopera- 
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tively, but later developed a 40 per cent 
stenosis 4 cm. above the graft. One case 
with a plaque causing 70 per cent stenosis 
had complete occlusion of the artery, and 
another, which was completely occluded 
prior to surgery, remained so after opera- 
tion. 


LEFT INTERNAL CAROTID SIPHON (LCS) 
Thirty-three patients had revisuahza- 
tion of the intracranial portion of the left 
internal carotid artery. Twenty normal 
vessels (60.6 per cent) remained normal 
over a mean interval of 25.5 months. The 
longest interval between examinations was 


Fic. 2. Case 4 (Table 11). A 48 year old Negro female who had suffered a left cerebral infarction with good 
recovery of function. There had been no clinical worsening when seen 44 months after first arteriography. 

(A) August 29, 1963: Left carotid arteriogram shows elongated and tortuous left internal carotid artery, a 
30 per cent stenosis at its origin, and a “kink” just before entering the skull. At surgery the external carotid 
artery was sacrificed, allowing reduction of the kink of the common and internal carotid artery. Endarterec- 
tomy was not performed. (B) September 26, 1963: Repeat study postoperatively demonstrates the surgically 
occluded external carotid artery and disappearance of the “kink” at the upper portion of internal carotid 
artery in the neck. The 30 per cent stenosis is again noted at the origin of the left internal carotid artery. (C) 
April 13, 1964: Repeat study shows some recurrence of the elongation seen at the time of the first arteriogram. 
There is progression of the stenosis at the origin of the internal carotid artery, which now appears to be 35 per 
cent, plus a related area of poor filling, involving 75 per cent of the lumen which could possibly represent an 
area of thrombosis. 
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Fic. 3. Case 17 (Table 11). A 56 year old white male who suffered infarction of the left hemisphere with 
aphasia and right hemiplegia. 

(4) October 31, 1963: Right transbrachial cerebral arteriogram shows a 45 per cent stenosis of the right 
internal carotid artery. The left internal carotid artery was completely occluded. (B) May 27, 1964: Post- 
operative arteriogram demonstrates a patent right internal carotid artery with an “island” of non-filling in 
the center of the operative site measuring about 15 per cent of the lumen. 

(C) October 31, 1963: Left transbrachial cerebral arteriogram demonstrates an 80 per cent stenosis at origin 
of left vertebral artery. (D) December 2, 1903: Postoperative (10 days) arteriogram reveals a patent left ver- 
tebral artery following transplantation of the origin, although a thin “line” of nonfilling is apparent. There is 
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64 months. Three normal vessels became 
abnormal (9.1 per cent). One case devel- 
oped a 20 per cent stenosis after 53 months, 
the second became irregular after 54 
months, and the third was seen to be dif- 
fusely narrowed 50 months later. Nine 
cases (27.3 per cent) with lesions including 
diffuse narrowing, irregularity and various 
grades of stenosis, remained stable over an 
average of 21.9 months. One vessel (3 per 
cent) showed worsening in the irregularity 
of the siphon 26 months later. 


RIGHT INTERNAL CAROTID SIPHON (RCS) 


Forty-five patients had revisualization of 
the right internal carotid siphon. Twenty- 
four normal vessels (53 per cent) remained 
normal but 6 (13.3 per cent) became abnor- 
mal. Three showed stenosis of 25-80 per 
cent and one became occluded at subse- 
quent arteriography. Two developed ir- 
regularity and narrowing. Thirteen cases 
with lesions (28.9 per cent) remained sta- 
tionary over a mean interval of 18.2 
months. Two cases (4.4 per cent) showed 
severe progression. 


LEFT ANTERIOR CEREBRAL ARTERY (LAC) 


Forty-one patients had revisualization 
of the left anterior cerebral artery. Thirty- 
nine cases remained normal. Two cases 
showed narrowing and irregularity which 
appeared unchanged 6 to 13 months later. 


RIGHT ANTERIOR CEREBRAL ARTERY (RAC) 


Forty-six patients had revisualization 
of the right anterior cerebral artery. No 
areas of measurable stenosis were present 
on any examinations. The irregularity seen 
initially in 1r case was unchanged 13 
months later. 


LEFT MIDDLE CEREBRAL ARTERY (LMC) 


The left middle cerebral artery was 
revisualized in 39 cases. Thirty-three ves- 
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sels (92.3 per cent) remained normal. In 3 
cases the left middle cerebral artery filled 
despite complete occlusion of the left 
internal carotid artery. The internal carotid 
artery occlusion was initially present in 1 
case and was present after carotid surgerv 
in the other 2. One middle cerebral artery 
originally appeared normal but developed 
irregularities, presumably due to plaques, 
£4 months after the initial examination and 
2 other cases with similar lesions remained 
unchanged 13 and 5o months later. 


RIGHT MIDDLE CEREBRAL ARTERY (RMC) 


Forty-seven patients had repeat visual- 
ization of the right middle cerebral artery. 
Forty-two vessels appeared normal in the 
first arteriogram and remained so on sub- 
sequent arteriograms. In 4 cases, the 
vessel was visualized despite complete 
occlusion of the right internal carotid 
artery. In 1 case, a previously normal right 
middle cerebral artery became occluded 
and was only faintly visualized via pial 
collaterals from the right posterior cerebral 
artery. The middle cerebral artery occlu- 
sion apparently resulted from embolism 
from the thrombotic occlusion of the right 
internal carotid artery at the site of a kink 
noted in the first examination. 

Three cases showed complete occlusion 
of the right middle cerebral artery at the 
initial examination with evidence of retro- 
grade collateral filling through pial collat- 
erals. The condition was essentially the 
same on repeat examination 6, 17, and 5o 
months later. One case with irregularity 
of the middle cerebral artery remained 
unchanged when revisualized after 13 
months. 


INNOMINATE ARTERY (INNOM.) 


Twenty-three patients had revisualiza- 
tion of the innominate artery. All vessels 








now a 20 per cent stenosis of the left subclavian artery just proximal to the transplanted vertebral artery 
origin. (E) May 21, 1964: Repeat left transbrachial cerebral arteriogram shows recurrence of the 80 per cent 
stenosis at the origin of left vertebral artery. The subclavian artery is unchanged. 

This patient expired suddenly May 27, 1966 because of a myocardial infarction. Autopsy revealed a large 
area of old infarction and atrophy of the left frontal lobe. 
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were normal at the first examination and 
remained so. 


LEFT SUBCLAVIAN ARTERY (L. SUB.) 


The left subclavian artery was revis- 
ualized 24 times. In 19 cases (79.2 per cent) 
the vessel appeared normal and remained 
so. In 1 normal vessel a plaque causing zo 
per cent stenosis was apparent 54 months 
later. Four cases presented with plaques at 
the first examination: in 2 patients, a lesion 
of 20 per cent in one and complete occlusion 
in the other remained unchanged after 10 
and 39 months, respectively. In the other 
2 cases the stenosis progressed from 10-20 
per cent. Ín another case the vessel was 
originally normal, but following surgical 
repair in an ĝo per cent stenosis of the left 
vertebral artery an immediate postopera- 
tive arteriogram (Fig. 3, C-E) showed a 
20 per cent stenosis of the left subclavian 
artery just proximal to the surgical site. 
This stenosis was unchanged when arteri- 
ography was repeated 6 months postopera- 
tively. 


RIGHT SUBCLAVIAN ARTERY (R. SUB.) 


Forty-seven patients had revisualization 
of the right subclavian artery. In 41 pa- 
tients (87.2 per cent) a normal vessel re- 
mained normal. One normal vessel had a 
IO per cent stenosis when visualized 58 
months later. Five cases (10.6 per cent) 
with stenotic lesions varying between 20 
and 40 per cent remained stable. 


LEFT VERTEBRAL ARTERY (IST SEGMENT) (LVO) 


Twenty-five patients had repeat visuali- 
zation of the origin of the left vertebral 
artery. One patient had surgery. Of the 24 
without surgery, I3 normal vessels (54 
per cent) remained normal, 1 normal vessel 
(4.1 per cent) developed 20 per cent steno- 
sis 47 months later, 7 vessels with lesions 
(29.2 per cent) remained unchanged and 

lesions (12.5 per cent) progressed. The 
stable lesions included 1 with 20 per cent 
stenosis, 2 with 35 per cent stenosis, 2 with 
$0 per cent stenosis, 1 with complete occlu- 
sion and 1 case in which the artery was 
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narrowed to a fine thread. The average 
interval. between examinations in these 
cases was 24.4 months. The progressive 
lesions showed an increase in the stenosis 
of 17-25 per cent over a mean interval of 
37 months. | 

One patient had surgical reconstruction 
of a plaque causing 80 per cent stenosis 
(Case 17; Table 11). This vessel was normal 
IO days postoperatively but when revis- 
ualized 8 months later the plaque had re- 


curred (Fig. 3, C-E). 


RIGHT VERTEBRAL ARTERY (IST SEGMENT) (RVO) 


Forty-five patients had revisualization of 
the Ist segment of the right vertebral 
artery. In 42 patients without surgery, 
30 vessels (71.4 per cent) remained normal 
over a mean interval of 25.9 months. 
Two cases (4.8 per cent) which were normal 
subsequently developed stenosis of 25 and 
33 per cent. Seven cases with lesions demon- 
strated at the first examination remained 
unchanged, including 3 cases with complete 
occlusion. Three cases showed progression 
of lesions, 1 to complete occlusion and the 
other 2 increased 20 per cent. 

Three patients had surgery (Table 11). 
Two vessels with an initial stenosis of zo 
per cent were normal 15 and 17 months 
after surgery. A third vessel which had ṣo 
per cent stenosis initially was found to be 
occluded at arteriography 18 months later. 


LEFT VERTEBRAL ARTERY (CERVICAL 
SEGMENT) (Lv2) 

Twenty-six patients had revisualization 
of the second portion of the left vertebral 
artery. Fourteen vessels (53.8 per cent) 
remained normal. Abnormalities were noted 
in IO cases, including plaques, congenitally 
small arteries (3 mm. or less), tortuosity, 
osteophytic compression, displacement and 
irregularity, but little change was noted in 
these cases after a mean interval of 24.5 
months. One normal vessel developed a 
stenosis of 20 per cent 47 months later 
and a stenosis of 15 per cent in another 
case progressed to 50 per cent within 15 
months. 
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RIGHT VERTEBRAL ARTERY (CERVICAL 
SEGMENT) (RV2) 

Forty-five patients had revisualization 
of the second portion of the right vertebral 
artery. Twenty-two vessels (48.9 per cent) 
remained normal. Nineteen patients (42.4 
per cent) had abnormalities similar to 
those noted in the left vertebral artery 
and these remained unchanged after a 
mean interval of 24.9 months. One normal 
vessel was found to have become tortuous 
12 months later, while 2 stenotic lesions 
progressed 10-30 per cent and 1 became 
occluded after a mean interval of 12.3 
months. The artery which subsequently 
became occluded 11 months later originally 
had compression as it entered the trans- 
verse foramen and stenosis of 70 per cent 
in the 3rd portion with the head rotated! 


(Fig. 4, 4 and D). 


LEFT VERTEBRAL ARTERY (3RD AND 
4TH SEGMENTS) (Lv3, 4) 

Twenty-six vessels were revisualized. 
Nineteen vessels (73.1 per cent) remained 
normal. Six vessels (23.1 per cent) with 
irregularity, narrowing and stenotic lesions 
remained unchanged over a mean interval 
of 14.2 months. One stenotic lesion pro- 
gressed by 50 per cent. 


RIGHT VERTEBRAL ARTERY (3RD AND 4TH 
SEGMENTS) (RV3, 4) 

Forty-two patients had revisualization 
of the 3rd and 4th portions of the right 
vertebral artery. Twenty-eight vessels (66.7 
per cent) remained normal after a mean 
interval of 27.8 months. Four normal ves- 
sels (9.5 per cent) became abnormal and 8 
abnormal vessels (19.0 per cent) remained 
unchanged. In 2 cases stenotic lesions pro- 
gressed to complete occlusion. 


BASILAR ARTERY (BAS.) 


The basilar artery was revisualized in 
45 patients. Of these, 40 (88.9 per cent) re- 
mained normal. In 2 cases, plaques de- 
veloped in normal vessels after a mean 
interval of 37 months. In 1 case a plaque 
causing 4O per cent stenosis progressed to 
£o per cent in 13 months. Two abnormal 
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vessels remained unchanged at subsequent 
arteriography. 


CLINICO-ARTERIOGRAPHIC CORRELATION 
NON-SURGICAL CASES 


Twenty-nine patients had no surgery. 
The following features were correlated with 
the repeated arteriographies: (1) the clinical 
condition at the time of the first arteriog- 
raphy; (2) the condition at the time of re- 
peated arteriographies; and (3) the latest 
clinical evaluation since arteriography 
(Table 111). 

In 11 cases the clinical state at the time 
of arteriographic revisualization had not 
changed. The arteriograms showed no 
change in 6 and worsening in § cases. 

Five cases had improved at the time of 
arteriographic revisualization; 2 of these 
showed no arteriographic change, while the 
other 3 showed progressive atherosclerosis. 

Thirteen patients became clinically worse 
at the time of arteriographic revisualiza- 
tion. Of these, 8 patients showed progres- 
sion of the initial lesions or had developed 
new lesions. In the remaining 5, the arterio- 
graphic abnormalities remained unchanged 
despite clinical worsening. 

In 13 patients, additional clinical exami- 
nation was made from 12 to 40 months 
(average 23 months) after repeat arteriog- 
raphy. In 5 of these 13 patients the clinical 
state and arteriographic status remained 
unchanged. In 3 patients the clinical state 
worsened in keeping with arteriographic 
progression of lesions. Three patients con- 
tinued to show a stable clinical condition 
despite arteriographic evidence of worsen- 
ing. One patient continued to improve 
clinically 2 years after repeated arteriog- 
raphies had shown evidence of arterial 
worsening. One hypertensive patient 
showed no arteriographic change, but 14 
months later she suffered a right intra- 
cerebral hemorrhage and died. 

Of 29 patients, the clinical and arterio- 
graphic correlation was excellent in 16, 
arteriographic worsening without clinical 
change occurred in 5, clinical deterioration 
without arteriographic change occurred 
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Fic. 4. Case 15 (Table m1). A 47 year old white male had a left cerebral infarction in 1961. His clinical state 
had improved when last seen in 1966, although his right vertebral artery had occluded in the interval between 
February, 1963 and January, 1964. 

(4) February 25, 1963: Right transbrachial cerebral arteriogram demonstrates a normal right carotid ar- 
tery. The right vertebral artery shows minimal displacement and compression at C6 and a 70 per cent narrow- 
ing in its 3rd portion when the head was turned to the left. This produced a marked slowing in the vertebral 
artery circulation with only faint visualization of the basilar artery. The basilar artery filled well with the 
head straight. (B) Tanuary 20, 1964: Repeat arteriogram demonstrates no change in the right carotid artery. 
However, the right vertebral artery is occluded. Collateral circulation via the ascending cervical artery is 
seen. 
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Tas_e III 


CLINICO-ARTERIOGRAPHIC CORRELATION OF PATIENTS WITHOUT SURGERY 





Clinical Diagnosis Age 








Arteriosclerotic dementia 
Left cerebral infarction 
Brain stem and right 
cerebral ischemia 
Right cerebral infarction 
Left cerebral ischemia 
Brain stem ischemia 
Right cerebral infarction 
Brain stem ischemia 
Left cerebral infarction 
Brain stem and left 
cerebral infarction 
Brain stem ischemia 
Right cerebral infarction 
Right cerebral infarction 
Left cerebral infarction 
and ischemia 
Left cerebral infarction 





Left cerebral infarction 
and brain stem ischemia 
Left cerebral infarction 
and brain stem ischemia 
Brain stem ischemia 
Brain stem infarction 
Brain stem ischemia 
Right cerebral infarction 
Right cerebral and brain 
stem infarction 
Brain stem ischemia 
Right cerebral infarction 
Left cerebral ischemia 
Cerebral and brain stem 
infarction 
Right cerebral infarction 
Left cerebral ischemia 
Right cerebral infarction 
arteriosclerotic dementia 
Brain stem ischemia 








in s, and clinical improvement, despite 
increased arteriographic abnormalities, oc- 
curred in 3. With a longer clinical follow-up, 
the clinical and arteriographic correlation 
was excellent in 8 of 13 patients. 


SURGICAL CASES 


Twenty patients had one or more vessels 








Arteri- 
ography 
Interval 

(mo.) 


Follow-up 
Arteriographic 
Status 


Follow-up 
Clinical 
Status 








Unchanged 
Unchanged 
Unchanged 


16 Unchanged 
3 Unchanged 
18 Unchanged 


Unchanged 
Unchanged 
Unchanged 
Worse 
Worse 
W orse 
Worse 


Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 


Worse 
Unchanged 
Unchanged 
Worse 


Unchanged 
Improved 
Improved 
Improved 


Worse (Fig. 
A and B) 


Worse 


Improved 





Improved 


Worse Worse 
Worse 
Worse 
Worse 
Worse 
Worse 


Worse 
Worse 
Worse 
Worse 
Worse 





Worse 
Worse 


Worse 
Worse 
Worse Unchanged 
Unchanged 
Unchanged 
Unchanged 


Worse 
Worse 
Worse 


Worse Unchanged 





operated upon. This included attempts at 
reconstruction of 14 left internal carotid 
arteries, 9 right internal carotid arteries, 
4 right vertebral arteries and 1 left verte- 
bral artery. All operated vessels but one 
were revisualized at subsequent arteriog- 
raphy. 


Eleven of the surgical cases had no 
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change in their clinical course (Table 1v). 
In 5 of these, the arteriographic status of 
_the unoperated vessels also showed no 
change. In 6 patients there was progression 
of disease in the unoperated vessels, al- 
though the stenosis of the reconstructed 
vessel was improved. 

Four surgical patients showed clinical 
deterioration; in 3 this correlated well with 
arteriographic worsening, but in the 4th 
case no arteriographic change had occurred. 

Vive cases improved clinically during the 
postoperative period. In all, the postopera- 
tive arteriograms showed patency of the 
reconstructed vessel. Three of them showed 
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no change in the unoperated vessels but 
2 showed arteriographic progression of the 
disease. 

Thus, of 20 surgical cases, the clinical and 
arteriographic correlation was excellent in 
ii, 

Nine surgical patients had further clinical 
evaluation from 12 to 32 months (average 
19 months) after repeat arteriography. Six 
followed a stationary clinical course and 
5 of these had shown no change in the 
arterial status at the time of the repeated 
arteriography. One patient who improved 
clinically had no arteriographic change at 
the time of the repeat arteriography. Two 


TABLE IV 


CLINICO-ARTERIOGRAPHIC CORRELATION OF PATIENTS HAVING SURGERY 














Clinical 
Diagnosis 


Sex 





| 
| 





Repeat Arteriogram 

Arterio- Status 

graphy 

Interval 
(mo.) 


Follow-up 
Clinical 
Status 





Non- 
operated 
vessels 


Operated 
vessels 








Brain stem infarction 
Brain stem ischemia 
Right cerebral infarction 
Left cerebral infarction 
Left cerebral infarction 
Brain stem ischemia 
Cerebral ischemia 
Left cerebral infarction 
and ischemia 
Right cerebral infarction 
Left cerebral infarction 
Brain stem infarction 
Brain stem ischemia 
Right cerebral infarction 
Left cerebral ischemia, 
Takayasu's disease 
Brain stem infarction 
Right cerebral infarction 


Ntm bh G D x 


oo N 





Left cerebral infarction 


18 


19 
20 


Right cerebral infarction 
Left cerebral infarction 
Right cerebral infarction 


52 
53 
54 














Worse 
Worse 
Improved 
Worse 
Improved 
Improved 
Improved 
Improved 





Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Worse 
Worse 
Worse 


Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 
Unchanged 


Um m Ja HO = 
mM MOO hh n COMO 


k- 


Worse 
Worse 
Worse 


Worse 
Worse 
Worse 


Improved 
Improved 
Improved 


Improved 
Worse 
Worse 


Unchanged 
Unchanged 
Unchanged 
Worse 
Worse 


Worse 








Worse 
WorseT 
Improvedt 
Improveds 
Unchanged | 
Improved 

| Improved 
Improved 


Worse 
Unchanged 


Worse 
Improved 
Improved Unchanged 
Unchanged 
Worse 
Worse 


Improved 
Improved 
Improved 








* Case numbers in this Table correspond with Case numbers in Table II. 


T Left internal carotid artery occluded postoperatively, 
Í Right internal carotid artery patent postoperatively. 
§ Right internal carotid artery improved. 

| Left vertebral artery unchanged. 
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TABLE V 


COMPARISON OF OPERATED AND NON-OPERATED PATIENTS 














Non-Operated 


Operated 








Number of patients 
Average arteriographic interval 


Number and per cent of cases with an interval of 2 years or less 
Number and per cent of cases showing progression of lesion 
Number of lesions of 30 per cent or more stenosis in surgically acces- 


sible sites at initial examination 


Number of lesions 30 per cent or more stenosis in surgically acces- 


sible sites per patient 


Number of lesions of 30 per cent or more stenosis in surgically in- 


accessible sites 


Number of lesions of 30 per cent or more stenosis in surgically in- 


accessible sites per patient 


20 29 
22 months 27 months 
14 (70%) 15 (51.7%) 
12 (60%) 16 (55.2%) 
41 27 
(27 were 

operated) | 








cases expired, both from associated heart 
disease. 


COMPARISON OF PROGRESSION OF SURGICAL 
AND NON-SURGICAL LESIONS 


The repeated arteriograms in the surgi- 
cal and non-surgical groups are compared in 
Table v. The percentage of patients in each 
group that showed progression of arterial 
lesions is similar. The number of lesions 
of 30 per cent stenosis or more in surgically 
accessible sites was 2.1 per patient in the 
surgical group as compared to 0.93 per 
patient in the non-surgical group. The 
number of lesions in surgically inaccessible 
sites was 1.8 per patient in the surgical 
group as compared to 1.4 per patient in the 
non-surgical group. 


DISCUSSION 


Forty-nine patients with cerebrovascular 
symptoms have been subjected to repeated 
clinical and arteriographic investigations 
at intervals of several months to several 
years in order to correlate the clinical and 
arteriographic findings. Twenty cases were 
treated by reconstructive surgery, the 
other 29 cases were managed conserva- 
tively. 

The initial and repeated arteriograms 
were scrutinized and any lesions were clas- 
sified according to location in 20 different 
sites. Excluding the 27 vessels that were 


treated by surgery, 708 sites were revisu- 
alized at intervals. Of these, 551 sites (77.8 
per cent) showed no abnormality. Abnor- 
malities were noted in 157 sites (22.2 per 
cent). 

Of 551 sites that were normal, 94.4 per 
cent temained so and 5.6 per cent de- 
veloped abnormality when revisualized 
several months or years later. Of the 157 
initially abnormal sites, 122 (77.7 per cent) 
remained unchanged and 35 (22 per cent) 
showed progression. 

Sixty-six (9.3 per cent) sites showed ar- 
teriographic evidence of progressive dis- 
ease, from a normal or abnormal condition 
during a mean interval of 24.9 months. 
This appears to be impressive evidence that 
atherosclerosis of the cerebral vessels, at 
least in some individuals, is a rapidly pro- 
gressive disease since the 66 sites showing 
progression occurred in only 28 of the 49 
patients studied, and an average of 2.4 
sites progressed per patient. Twelve of the 
20 surgically treated and 16 of the 29 
conservatively managed patients showed 
progressive atherosclerotic lesions. The 
percentage within each group showing pro- 
gressive disease was similar. As might be 
expected, when a plaque is surgically re- 
moved, the remaining vessels continue to 
show progression of the disease. 

The interval between arteriographic re- 
examination varied from 2 to 64 months 
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TABLE VI 


VESSEL STATUS IN RELATIONSHIP TO INTERVAL BETWEEN ARTERIOGRAPHIES 


(Operated vessels excluded) 

















No. 
of 
Sites 


N-N 


Interval 


2 to 64 months 
(av. 24.9 mo.) 
Less than 2 years 
(av. 12.4 mo.) 
Over 2 years 
(av. 43.1 mo.) 


N-N = Normal vessel site remained normal. 
N-L- Normal vessel site developed lesion. 
L-St. = Lesion remained stable. 

L-Worse- Lesion became worse. 


with a mean interval of 24.9 months. Com- 
parison was made (Table v1) between pa- 
tients who were re-examined at an interval 
of 2 years or less and those whose arteriog- 
raphies were repeated after more than 2 
years. For this comparison operated ves- 
sels were excluded. The percentage of ves- 
sels that remained normal was the same 
in the two groups (73.5 per cent versus 73-4 
per cent). However, 6 per cent became 
abnormal in the group that were revisu- 
alized after an interval of more than 2 years 
(average 43.1 months), while only 3.2 per 
cent became abnormal in the group revi- 














L-Worse 











sualized with a mean interval of 12:4 
months. Thus, the longer the follow-up 
the more atherosclerotic lesions will be 
found. Furthermore, the group with the 
longer follow-up showed a slightly higher 
incidence of progression of lesions already 
present. 

The natural history of atherosclerotic 
plaques in surgically accessible areas was 
analyzed (Table vir), since this is an im- 
portant factor when considering surgical 
treatment. Twelve of the surgically acces- 
sible areas (4.4 per cent) which appeared 
normal at initial examination had become 


Tase VII 


REVISUALIZATION OF SURGICALLY ACCESSIBLE SITES 








Total 
Number of 
Vessels 
Revis- 
ualized 


Normal 


Aoier Vessel 


Left common carotid 
Right common carotid 
Left internal carotid 
Right internal carotid 
Innominate 

Left subclavian 

Right subclavian 

Left vertebral origin 
Right vertebral origin 


12 (4.47%) | 46 (16.8%) 





Developing 








Stenosis 
of 30% or 
More 
Developing 


Stenosis 
of 30% or 
More 
Initially 


Lesion Lesion 
Remaining | Becoming 


Stable Worse 


PAGU p 


SIM (d O PO WP (D 
ON N t2 





— 


24 (8.8%) | 41 (15%) | 14 (5.1%) 
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abnormal, 46 abnormal sites (16.8 per cent) 
remained unchanged and 24 abnormal sites 
(8.8 per cent) had progressed. Seventy per 
cent (191 sites) remained normal. 

Arbitrarily, a stenosis of 30 per cent or 
more is considered by us to be an indica- 
tion for surgery. Of 273 surgically accessible 
sites examined, 41 (15.0 per cent) had le- 
sions producing stenosis of 30 per cent or 
more at the time of initial bep yr 
An additional 14 sites (5.1 per cent) « 
veloped such indications for surgery at 
later examination. 

Initial visualization of 273 surgicallv 
accessible sites demonstrated 70 abnor- 
malities of which 41 (58.6 per cent) had 
such indications for surgical reconstruc- 
tion. When the arteriographies were Te- 
peated after a mean interval of 24.9 
months, 82 abnormalities were present of 
which 55 (67.1 per cent) now had such 
indications for surgery. The right carotid 
artery showed more progression of athero- 
sclerosis than the left. Excluding the cases 
that were submitted to surgery, there were 
38 right internal carotid arteries revisu- 
ualized and 13 (34.2 per cent) showed pro- 
gression. Of 25 left internal carotid arteries 
revisualized, only 2 (8 per cent) showed 
progression, 


SUMMARY 


Forty-nine patients with occlusive cere- 
brovascular disease had arteriographic re- 
visualization of 708 sites of atherosclerosis 
of the cerebral vessels after a mean interval 
of 25 months. Of these sites, 78 per cent 
showed no abnormality and a measurable 
degree of stenosis was present in 157 (22 
per cent). When arteriography was re- 
peated in those cases without lesions, 94 
per cent remained normal but 6 per cent 
showed the development of plaques. When 
arteriography was repeated in cases with 
plaques present at the initial examination, 
78 per cent remained unchanged but 22 
per cent had progressed. 

As might be expected, repeated arteriog- 
raphy after a mean interval of 43 months 
revealed more new and progressive lesions 
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than were found after a mean interval of 
12 months. Certain cases showed marked 
and rapid progression at multiple vessel 
sites while other cases showed no progres- 
sion at all. The status of atherosclerosis of 
cerebral vessels visualized by arteriography 
correlated well with the clinical status with 
a few exceptions, but the longer the follow- 
up the better the correlation. 


Raymond B. Bauer, M.D. 
Harper Hospital 

3825 Brush Street 
Detroit, Michigan 48201 
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ODERN surgical treatment of intra- 
cranial arteriovenous fistulas (arterio- 
venous malformation or carotid-cavernous 
sinus fistulas) requires precise preoperative 
knowledge regarding the anatomy and 
hemodynamics of the fistulas.?^ 
Serial angiographic studies provide mor- 
phologic information indispensable for this 
purpose, such as the type, size and location 
of the lesion, and the anatomy of the 
main feeding and draining vessels? 9.1? 
Although angiography provides some infor- 
mation concerning the speed of circulation 








artery was punctured with a 
hypodermic needle, and 100 to 200 pe of 
MAALD?* diluted in 2-4 cc. of physiologic 
saline was injected slowly. Conventional 
rectilinear scanning of the head and chest 
was performed immediately after the injec- 
tion. 

A total of 16 separate injections were 
made in 8 patients. 


GROUP B 


In the second group of patients the 
shunt rate, 


Volume of flow shunted through arteriovenous fistula 








Total flow of carotid or vertebral artery injected 


through the fistula or the vascularization 
of the brain surrounding the fistula, a 
more precise, quantitative if possible, 
method of estimating the size of the fistula 
seems to be of great clinical importance. !! 

In the present investigation we have 
employed the macroaggregates of p»! 
labeled serum albumin (MAAI?*) for a 
semiquantitative study of shunt rate in 
cases of cerebral arteriovenous malforma- 
tions or carotid-cavernous sinus fistulas. 


MATERIAL AND METHOD 


The studies were performed on 13 
consecutive patients with cerebral arterio- 
venous malformation (8 patients) and 
carotid-cavernous sinus fistula (5 patients). 
Neurosurgical patients with various clinical 
diagnoses, who definitely had no arterio- 
venous fistulas in the brain, served as con- 
trols. The studies were divided into 2 
groups. 


GROUP A 


The common, internal or external carotid 


was determined. The patient was placed 
supine on the examining table and a 
scintillation detector was positioned over 
the right or left upper quadrant of the 
chest. The carotid artery, and in 1 case 
the vertebral artery, was punctured per- 
cutaneously with a 20 gauge hypodermic 
needle and 25-35 uc of MAAI?! was in- 
jected. The count rates were monitored 
continuously. After 10 to 14 minutes the 
same dose of MAAIL! was given intraven- 
ously and the recording repeated without 
changing the position of the detector. 
Calculation of the shunt rate. The shunt 
rate was calculated according to the follow- 
ing formula: 
b! 


C 
" X 100 (%), 


Shunt rate 


a 
X 
b 


where a=count rates after intracarotid 
or intravertebral injection (height of the 
plateau in Fig. 1,7); 6=count rates after 
intravenous injection (height of the plateau 


* Daiichi Kagaku-Yakuhin Co., Ltd., Tokyo, Japan. 


* From the Department of Neurosurgery, Kyoto University Medical School, Kyoto, Japan. 
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RESULTS 


GROUP A 


Figure 2, Æ and B represents antero- 
posterior and left lateral brain scans in a 
normal control subject following left in- 
ternal carotid injection of MAAD, The 

he detector over the chest). (,7) Intracarotid in- uniform distribution of the activity in the 

jection. (B) Intravenous injection. (a) ) The height territory of the bilateral anterior and the 

of plateau of the curve following intracarotid in- left middle cerebral arteries is noted. A 

jection of MAAT?; (b) the height of plateau fol- prior carotid angiogram disclosed bilateral 

lowing intravenous injection. filling of the anterior cerebral artery from 
the left side. 

in Fig. 15); a'—net counts of MAAP Figure 2C shows an anteroposterior 

injected intra-arterially (carotid or verte- brain scan following left common carotid 

bral artery); and | 2/ — net pain of MAAT! injection in another normal subject. No 

injected intravenously. significant crossover of the activity was 


lic. 1. Calculation of the shunt rate (recorded from 
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Fic. 2. Normal brain scans following intracarotid 1n- 
vce of MAAT"!, Left internal carotid injection. 
(A) Anteroposterior and (B) left lateral scans. The 
bilateral anterior cerebral arteries are supplied by the 
left carotid artery. (C) Left common carotid injection. 

‘uti Both the internal and external carotid territories 

aa show the activity. 
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TABLE I 


DATA OF PULMONARY SCANNING FOLLOWING INTRACAROTID INJECTION OF 
MAAIL IN THE FISTULOUS PATIENTS 











l | Age and Site of 
25 
Patient | is 


Injection 


Lung 


: Nc 
Scan “Note 


Lesion | 





| Left C. C. À. 
| Left C. C. A. 


36M 


Arteriovenous malformation 
left parietal After total removal 
Arteriovenous malformation | Left I. C. A. 
left temporo-occipital | Left E. C. A. 


Arteriovenous malformation 
left prefrontal 


Left C. C. 3. 
Lett L €. A. After total removal 
Left I. C. A. 


Arteriovenous malformation 
left temporal 





Right carotid-cavernous 
sinus fistula 


Right I. C. A. 
Left LCA. 
Leit C. C. A. 





Right carotid compressed 
After trapping 





Right carotid-cavernous 
sinus fistula 


Right C. C. A. 
Lett t. C. A. 











Right carotid-cavernous 
sinus fistula 


Right I. C. A. 
Left I. C. A. 








C. C. A.—Common carotid artery. 
I. C. A.—Internal carotid artery. 
E. C. A.—External carotid artery. 


observed. The territory of the external 
carotid artery was clearly demonstrated. 

When MAAI?! was injected into the 
carotid or vertebral artery in the normal 
subjects, the increase in the radioactivity 
over the chest was slight and the pulmo- 
nary scans, under the same condition as 
used for the brain scan, always failed to 
show any significant activity. 

The results in 7 cases of cerebral arterio- 
venous malformation or carotid-cavernous 
sinus fistula are summarized in Table r. 
No quantitative estimation was possible 
with regard to the size of the arteriovenous 
shunt. In Table r, therefore, the pulmonary 
scans were arbitrarily classified into 3 
categories: "negative" when no activity 
in excess of the background was noted; 
"one plus" when the pulmonary scan was 
less dense than that of the brain; and “two 
plus" when the density of the lung scan 


Right I. C. A. 


Right carotid compressed 


+-+ After partial ligation 





was the same as, or greater than, that of 
the brain. 

The results in general are in good agree- 
ment with the angiographic and clinical 
findings of the patient. A few examples are 
shown in the following records. 


Case 1. H. F., a 42 year old male had an 
arteriovenous malformation in the left pre- 
frontal, parasagittal region. The malformation 
was 2X2 X1 cm. in dimension, fed by the left 
anterior internal frontal artery and drained via 
the ascending frontal vein into the superior 
sagittal sinus (Fig. 3.4). The lesion was con- 
trast-hlled by a right carotid injection of the 
contrast medium. The malformation was totally 
removed at operation. The postoperative 
angiogram was reported normal. 

Preoperative MAAI"! scans of the brain and 
lungs following left common carotid injection 
disclosed moderate activity in the lungs (Fig. 
3, B and C). The territory of the anterior cere- 
bral artery was nonactive. 
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FIG. 3. Case 1. Arteriovenous malformation 
in 42 year old man. (4) Left carotid 
arteriogram. (B) Brain and (C) lung 
scans following injection of MAAT!'? into 
the left common carotid artery. Note the 
positive uptake in the lungs. (D) Post- 
operative brain scan following injection 
of MAAL! into the left internal carotid 
artery. Note the crossover of the activity 
in the brain. No activity in excess of the 
background was noted in the lungs. 
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The postoperative brain scan after left 
internal carotid injection showed a crossover of 
the activity in the area of the bilateral anterior 
cerebral arteries (Fig. 3D), with no activity 
noted in the lungs. 


Case rr. R. O., a 77 year old female, had a right 
spontaneous carotid-cavernous sinus fistula of 6 
months' duration. A right carotid angiogram 
disclosed the carotid-cavernous sinus fistula. 
The main draining routes were the superior 
ophthalmic vein, the svlvian vein and the 
basilar venous plexus. The anterior cerebral 
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artery did not fill from the right side. 

Left carotid angiography with manual com- 
pression of the right carotid artery showed an 
excellent cross-filling of the cerebral arteries, 
but the fistula was opacified only faintly. Both 
anterior cerebral arteries were contrast-filled 
trom the left side without cross compression. 

Preoperative MAAT!®! scans of the brain 
and lungs following right internal carotid injec- 
tion disclosed high activity over the lung fields. 
[n the brain, the activity spared the distribu- 
tion of the anterior cerebral artery (Fig. 4, 4 
and B). A scan taken after the left internal 
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ic. 4. Case n. Right carotid-cavernous 
sinus fistula in a 77 year old female. (4 
and B) Preoperative MAAT[' scans of 
the brain and lungs after right internal 
carotid injection. High activities in the 
lungs are noted. (C) MAAT! scan of the 
brain following left internal carotid in- 
jection. (D and E) Postoperative scans 
of the brain and lungs following right 
internal carotid injection. The activity 
in the lungs is greater when compared to 


B. 
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carotid injection showed the activity crossing 
over the midline of the brain, this being in good 
agreement with the angiographic findings (Fig. 
4C). No activity was shown in the lung scan. 
No attempt was made at left carotid injection 
of MAAT?! with digital compression of the left 
carotid artery. 

The patient did not tolerate the total 
occlusion of the right carotid artery, and the 
constricting ligature was placed around the 
common carotid artery. On repeat scanning 
following right internal carotid injection, the 
activity in the lungs was shown to be even 
greater when compared to the preoperative 


scan (Fig. 4, D and £). 


Case i. H. H., a 30 year old male, presented 
with a right traumatic carotid-cavernous sinus 
fistula. Right carotid angiography disclosed a 
moderately large carotid-cavernous sinus fis- 
tula. The main draining routes were the basilar 
and pterygoid plexuses. Left carotid angiog- 


ic. s. Case mr. Right carotid-cavernous sinus 
fistula in a 30 year old man. (4 and B) MAATI?! 
scans of the brain and lungs after right carotid in- 
jection. Diffuse activities are noted in the lungs. 
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l'1G. §. (C) Scan of the brain following left internal 
carotid injection with right carotid compression. 
Crossover of the activity is noted in the brain, but 
the lung scan was negative. (D) Postoperative 
scan of the brain after left internal carotid injec- 
tion shows the same finding as in C. 


raphy with digital compression of the right 
carotid artery showed an excellent cross-filling 
of the cerebral arteries on the right side, 
the fistula was barelv perceptible. 

A pulmonary scan following right internal 
carotid injection of MAAIL"! showed diffuse, 
moderate activity in the lungs (Fig. £5). 
l'ollowing left internal carotid injection with the 
right carotid artery compressed, a MAAI'" 
scan of the lungs was negative. The activity 
in the brain crossed the midline (Fig. 5C). 

Trapping of the fistula was performed. The 


but 
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TABLE II 


COMPARISON BETWEEN TWO SUCCESSIVE 
INTRAVENOUS INJECTIONS OF MAA[!?! 











Height of Plateau* 
(mm./10,000 counts of MAAT") 





First Injection 


Second Injection 





iD 


SI AnA np = 





oo ~ 











* Activities over the same place of the lung, when corrected 
for the administered dose, remained constant. 


postoperative pulmonary scan after left com- 
mon carotid injection was negative. Activity 
was noted in the territory of the left middle and 
both anterior cerebral arteries (Fig. 5D). 


GROUP B 


The calculated rates for the internal 
carotid injection in 8 normal subjects 
ranged from 18.9 to 22.0 per cent, the 
average being 20.3 per cent (S.D.= +1.4). 

In several normal subjects, two consecu- 
tive injections were performed intraven- 
ously and the count rates over the chest 
were monitored. Although the absolute 
count rates (represented by the height of 
the plateau in the chart) differed widely 
between the two injections, the count rates 
corrected for the net counts of MAAD”! 
injected showed no significant variations 
(Table 11). 

In several other cases of either normal 
subjects or fistulous patients, two detectors 
were positioned over each side of the chest, 
and intracarotid and intravenous injec- 
tions were performed successively. No 
significant difference was noted between 
the values calculated separately for each 
side. 

On the basis of these preliminary studies, 
the technique seemed to be practical and 
reproducible. 


The over-all results in 13 separate 
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carotid or vertebral injections in 6 cases 
are summarized in Table 11. 


Case iv. Y. H., a 26 year old female 
presented with a traumatic right carotid- 
cavernous sinus fistula. Right internal carotid 
angiography revealed an enormous carotid- 
cavernous sinus fistula (Fig. 6). The internal 
jugular vein was contrast-filled in the early 
arterial phase. Left internal carotid injection of 
the contrast medium, with the cross compres- 
sion of the right carotid artery, also filled the 
hstula on the right side. 

The calculated rate after right internal carot- 
id injection amounted to 82.0 per cent, which 
was the highest value ever obtained. A left 
internal carotid injection showed a shunting 
rate of 28.6 per cent without cross compres- 
sion, 


CasE v. S. F., a 32 year old male. Right 
internal carotid angiography revealed an 
arteriovenous malformation in the basal por- 
tion of the right frontal lobe. Early filling 
was noted of the basal vein of Rosenthal and 
the convexity veins draining into the superior 
sagittal sinus (Fig. 7). Left internal carotid 
injection of the contrast medium, without cross 
compression of the right carotid artery, failed 
to opacify the malformation. 

Shunt rate on the right side (internal carotid 
Injection) was 56.5 per cent. When the left 
internal carotid artery was injected, a shunt 
rate of 22.1 per cent was interpreted as normal, 
this being in good agreement with the angio- 
graphic evidence of no cross-filling of the lesion 
from the right side. 


Case vr. S. T., a £1 year old female with a 
left carotid-cavernous sinus fistula. The first 
internal carotid angiogram on the left side 
revealed a small carotid-cavernous sinus fistula. 
Acceleration of the circulation through the 
fistula was not prominent (Fig. 8.7). Cranial 
bruits were heard only occasionally, and pro- 
ptosis was slight. 

A few weeks later, however, the patient 
noticed an increase in the degree of her pro- 
ptosis and a cranial bruit. A repeat angiogram 
at that time showed a definite enlargement of 
the fistula (Fig. 85). The fistula was opacified 
also by a contralateral injection with digital 
compression of the left carotid artery. 

The shunt rate showed an increase from 
36.7 per cent to 55.4 per cent. The calculated 
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TABLE III 


SHUNT RATES IN 6 CASES OF CEREBRAL ARTERIOVENOUS MALFORMATION 
OR CAROTID-CAVERNOUS SINUS FISTULA 











Shunt 
Rate 
(Per 

Cent) 


Site of 
Injection 


Age and 


Lesion 
Sex 


Patient 








Arteriovenous malformation 
left parietal 


Right I. C. A. 
Left I. C. A. 





Right L C. A. 
Left I. C. A. 


Right carotid-cavernous 
sinus fistula Without right carotid com 


pression 


Left 1. C. A. 
Left I. C. A. 


Left carotid-cavernous 
sinus fistula 2 weeks later 

With left carotid compres- 
sion 

Arteriovenous malformation | Left Vertebral 

posterior fossa 


Right I. C. A. 
Right E. C. A. 


Arteriovenous malformation 
right basal ganglion 


Arteriovenous malformation 
right temporal 


Right I. C. A. 
Left I. C. A. 


Without right carotid com- 
pression 








. C. A.— Common carotid artery. 
. C. A.— Internal carotid artery. 
E. C. A.— External carotid artery. 


shunt rate of 41.5 per cent after the right 
internal carotid injection with left carotid 
compression also confirmed the angiographic 
findings. 


MAA[!*! (10-100 y) into the internal 
carotid artery of the monkey. They found 
no detectable central nervous system 
abnormalities with doses below 2.0 mg., 
and concluded that the initial arteriolar 


COMER SS entrapment of the macroaggregates ap- 


When injected into the blood vessels, 
macroaggregates of human serum albumin 
measuring 10 u or more are filtered out by 
the capillaries of the body organ. If the ag- 
gregates are labeled with the radioactive 
tracer, the rate of accumulation of the 
radioactivity in the target organ can be 
externally collimated; this 1s expected to be 
directly proportional to the blood flow 
destined to that particular organ. The 
method has been widely used for the study 
of the pulmonary circulation. 

In 1965, Kennady and Taplin‘ injected 


peared to be purely a physical mechanism. 

King, Wood and Morley? in 1966 re- 
ported the use of MAAT”! in clinical brain 
scanning. Complications were noted in 4 
out of I2 cases, and in 2 of them, the com- 
plications (focal seizures in one and right 
hemiplegia and aphasia in the other) 
occurred in close association with the 
injection of the macroaggregates. They 
advised caution in the clinical use of this 
material. 

On the other hand, Rosenthall, Aguayo 
and Stratford? reported their experience in 
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lic. 6. Case iv. Right internal carotid angiogram in 
à 26 year old female. An enormous carotid-cavern- 
ous sinus fistula is noted. The calculated shunt 
rate amounts to 82.0 per cent. 


5o MAAD! brain scans in 42 patients. 
Carotid injections were done 43 times and 
vertebral injections were performed 7 times. 
A transient reduction in amplitude in the 
occipital leads on electroencephalography 
was noted in I case of vertebral artery 
injection, but this patient had exhibited 
similar changes with a prior injection 
of normal saline. Otherwise, no deleterious 
effect was encountered, and the pathologic 
studies of the brain in 6 patients, who later 
came to necropsy, revealed no changes 
attributable to the injection of MAAP”, 

In the present studv, there were no 
complications from the procedure, except 
for a single carotid injection which was 
followed by a transient episode of syncope. 

The use of macroaggregates of albumin 
in the study of a short-circuit in the local 
circulation has also been described. Ueda 
et al)" reported the external detection of a 
portocaval shunt bv means of lung scans 
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following the intrasplenic injection of 
MAA”. Rosenthall, Aguayo and Strat- 
ford’ also described the positive lung scans 
after carotid injection of MAAP” in a 
case of angioma of the brain. 

The results in Group A of the present 
study confirmed the findings of Rosenthall, 
Aguayo and Stratford.* The pulmonary 
scan, after carotid injection, proved to be 
a simple and practical method of detecting 
cerebral arteriovenous fistulas. When com- 
pared to the prior angiograms, the activi- 
ties in the lung seemed to be proportional 
to the angiographic size ot the fistula, but 
no quantitative data were obtained. 

In Group B of the study, the mean value 
of 20.3 per cent for the normal control 
needs a brief comment. The 
precapillary “thoroughfare channels,” and 
rarely, in the white matter of the brain, 
short unbranched arteriovenous  anas- 
tomoses up to 25 y In diameter, have been 
described in the literature? It does not 
follow, however, that such channels are 
quantitatively significant so as to permit 
the short-circuiting of one-fifth of the 
internal carotid blood flow in normal 
subjects. 

Although the macroaggregates of radio- 


subjects 


i. 7. Case v. Right internal carotid angiogram in a 
32 year old man. An arteriovenous malformation 
in the frontal lobe is noted. There was no filling of 
the arteriovenous malformation in the left internal 
carotid angiogram without compression of the 
right carotid artery. 
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The Use of MAAT in Cerebral Arteriovenous Fistulas 


Fic. 8. Left internal carotid angiograms in a £1 year old female. An enlargement of the fistula in a few weeks 


is demonstrated in the first (4) and the second 
in 4 to £6.4 per cent in B. 


iodinated albumin which we used in the 
present study are relatively uniform in 
size (20-100 u) and contain only a minimum 
amount of free iodine, it seems quite 
possible that a certain amount of smaller- 
sized component passes freely through the 
vascular bed in the brain. It has also been 
observed microscopically that the macro- 
aggregates initially trapped in the vessels 
of 15-25 u diameter are gradually swept 
forward by the pulsatile movement of 
formed blood elements and plasma. Re- 
gional dilatation of the small vessels distal 
to the temporary obstruction has also 
been reported following artificial micro- 
embolization of the brain. Thus it seems 
reasonable to assume that a portion of the 
macroaggregates, once entrapped in the 
brain vascular bed, can eventually clear 
the capillary filter. 


( B) angiozram. The shunt rate increased from 36.7 per cent 


Whatever the seeming shunt rate of 20.3 
per cent in normal subjects implies, the 
fact that the calculated values in normal 
subjects are constant with a minimum 
individual variation 1s important. 

Results of the clinical studies were satis- 
factory. The technique proved to be a 
sensitive investigative method for 
tecting even the slightest degree of short 
circuiting, and the over-all 
in good agreement with the clinical and 
angiographic findings. 

The main drawbacks of the technique 
are twofold. Firstly, an arterial puncture 
Is necessary; the technique per- 


cle- 


results were 


secondly, 
mits the estimation of the rate of short- 


circuited blood flow to the total flow 
through the injected artery, but the ratio 
between the shunted flow and total cere- 
bral blood flow cannot be evaluated. One 
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point should be further emphasized; 
namely, that the shunt rate does not seem 
„to be a fixed value in each individual, but is 
changing dynamically secondary to the 
fluctuation of systemic factors such as 
the blood pressure, gas contents of the 
circulating blood, etc. Additional studies 
are in progress on the hemodynamics of 
cerebral arteriovenous fistulas under vari- 
ous environmental factors, using the pres- 
ent technique as an investigative method. 


SUMMARY 


Brain and pulmonary scans after intra- 
carotid or intravertebral artery injections 
of MAAT" have proved to be a simple and 
safe procedure to detect cerebral arterio- 
venous fistulas. 

A technique of estimating the rate of 
shunting blood flow through the fistula to 
the total blood flow through the involved 
(carotid or vertebral) artery has been 
devised. Clinical application of the tech- 
nique has proved this to be a sensitive in- 
vestigative method for the quantitative 
study of the hemodynamics of the cere- 
bral arteriovenous fistulas. 


Jyoji Handa, M.D. 

Department of Neurosurgery 
Kyoto University Medical School 
£3 Shogoin-Kawaharacho 
Sakyo-ku, Kyoto 

Japan 
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ORBITAL VENOGRAPHY* 


By WILLIAM N. HANAFEE, M.D.,f PHILLIP C. SHIU, M.D.,f 
and GLENN O. DAYTON, M.D.$ 


LOS ANGELES, CALIFORNIA 


d os ophthalmic veins, and in par- 
ticular the superior ophthalmic veins, 
are relatively more constant in location 
than the arteries. Displacement of the 
veins may give valuable clues to the loca- 
tion of intra-orbital masses.?^ 


MATERIAL 


The present study 1s based on 100 con- 
secutive studies of the veins about the base 
of the skull and orbit. Forty-three of these 
studies were conducted primarily for the 
investigation of suspected intra- orbital 
pathology. The remaining cases were for 
the investigation of tumors about the base 
of the skull, but they serve as a baseline of 
normal orbital venous anatomy. 

Forty-one of the 43 patients were being 
investigated for proptosis and possible in- 


The 


tra-orbital space- occupying lesions. 
two non-proptotic patients were individuals 
with small venous malformations of the 


lids. 


TECHNIQUE 


'The veins about the base of the skull are 


without valves so that several avenues of 


venography are available. A listing of the 
methods according to increasing com- 
plexity, together with our methods of ap- 
proach, is as follows: (1) Frontal vein, 5o 
per cent; (2) angular vein or proximal 
anterior facial vein, I4 per cent; and (3) 
internal jugular vein-inferior petrosal sinus, 
36 per cent. 

The simplest method is to place the pa- 
tient in the Trendelenburg position and 
compress the Jugular vein to distend the 
midline forehead veins.? The vein is punc- 


tured with a 19 or 20 gauge needle. Ten 
cubic centimeters of 60 per cent meglumine 
diatrizoate is injected by hand during serial 
roentgenography at the rate of 2 films per 
second for 2 seconds. The anterior facial 
veins are manually compressed over the 
maxillary regions to force the contrast ma- 
terial to drain posteriorly through the 
orbital veins into the cavernous sinus. 
Anteroposterior, basal, and lateral projec- 
tions are obtained. 

If a satisfactory forehead vein puncture 
cannot be made, occasionally the angular 
vein or upper anterior facial vein may be 
utilized (14 per cent of our material). In 
light-skinned Caucasians, an aid to locating 
this vein is transillumination with a bright 
light in the nasal passage. The vein can be 
seen coursing lateral to the nasal process of 
the maxilla. Again, a to cc. hand-injected 
bolus of contrast material will usually fill 
the venous system of both orbits if the 
anterior facial veins are compressed over 
the maxilla. 

We reserved the internal jugular-inferior 
petrosal sinus route for instances where the 
other two methods failed. Thirty-six per 
cent of the orbital venograms were con- 
ducted by this route. A .045 inch inner 
diameter radiopaque polyethylene catheter 
is passed by percutaneous Seldinger tech- 
nique in a retrograde fashion up the in- 
ternal jugular vein into the cranial cavity. 
The catheter tip is tapered and has a slight 
curve. This curve is maneuvered so that the 
tip becomes wedged in the orifice of the 
inferior petrosal sinus. Both sides are rou- 
tinely catheterized and 10 cc. of contrast 
material is injected forcefully by hand into 
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each inferior petrosal sinus. Contrast ma- 
terial will reflux forward into the orbital 
veins. 

In 28 per cent of the patients we were 
unable to obtain satisfactory venous filling 
regardless of the method used. 


ANATOMY 


Two interesting facets of the study were 
the anatomic variations of venous patterns 
and the results of the pathologic material. 
The normal venous patterns have been 
amply described.':? Suffice to say that the 
superior ophthalmic vein drains posteriorly 
into the cavernous sinus through the supe- 
rior orbital fissure. The vein also drains an- 
teriorly into the angular vein along the base 
of the nose and then into the anterior 
facial vein. While in the orbit, the superior 
ophthalmic vein has three distinct loca- 
tions: 


1. Posterior to the muscle cone, it enters 

the orbit through the superior orbital 
fissure and lies lateral to the optic 
nerve. [he vein enters the muscle cone 
lateral and superior to the annulus of 
Zinn between the origins of the lateral 
rectus and superior rectus muscles. 
In the muscle cone the vein crosses to 
the superior surface of the optic nerve 
and lies between the optic nerve and 
the superior rectus muscle. 
Anterior and outside the muscle cone, 
the superior ophthalmic vein courses 
medially to leave the muscle cone 
along the medial border of the levator 
palpebrae superioris. The vein lies 
adJacent to the roof of the orbit on 
the superior surface of the superior 
oblique muscle. It leaves the anterior 
margin of the orbit through the pulley 
for the superior oblique muscle. The 
superior ophthalmic vein joins with 
the supra-orbital veins to form the 
angular vein along the lateral border 
of the nose. 


The inferior ophthalmic vein drains pos- 
teriorly through the inferior orbital fissure 
directly into the pterygoid plexus. It has an 


anterior and a posterior communicating 
vein that connects with the superior oph- 
thalmic vein in the anterior and posterior 
portions of the muscle cone. Anteriorly, 
the inferior ophthalmic vein drains into the 
inferior orbital vein and then into the 
anterior facial vein. 

Variations of the superior ophthalmic 
vein may occur in the retrobulbar region or 
in the anterior portion along the roof of the 
orbit. Two patients in each category were 
encountered in this material. 

In the posteriorly placed anomaly there 
may be absence of the superior ophthalmic 
vein in the superior portion of the muscle 
cone (Fig. 1, 4 and B). The superior oph- 
thalmic vein enters the orbit through the 
superior orbital fissure and then courses in 
the lower portion of the muscle cone in a 
fashion similar to an ophthalmic artery 
that lies ventral to the optic nerve. The 
vein usually has an abrupt change of direc- 
tion vertically around the lateral margin of 
the optic nerve and resumes its course in 
the superior portion of the muscle cone 
adjacent to the superior rectus muscle. As 
yet we have not had an opportunity to 
studv the details of this anatomic variation 
In autopsy material. 

The anterior portion of the superior 
ophthalmic vein lies outside the muscle 
cone and may occasionally be in duplicate; 
only one of the channels exits through the 
pulley for the superior oblique muscle. Un- 
der such circumstances, the unusual course 
of the vein may closely simulate displace- 
ment by tumors in the roof of the orbit. 

Differences in diameter of the veins of the 
two sides are more the rule than the excep- 
tion. In our normal material there were 
more patients with veins of unequal size 
than there were with equal size. This varia- 
tion frequently amounted to twice the 
diameter of the vein, and closely approxi- 
mated some of the descriptions of vari- 
cosities of the orbit. The size of the superior 
ophthalmic vein varied in our patient ma- 
terial from approximately 1 mm. to £ mm. 
in diameter in patients without known 
orbital pathology. 
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The frontal projection, with the chin 
elevated, offered the greatest opportunity 
for comparison of the two sides. 


Fic. 1. (4) Lateral view of an orbital venogram, 
utilizing a subtraction technique performed via the 
retrograde jugular approach, showing that the 
vein probably courses inferior to the optic nerve 
(—) for a prolonged period and eventually courses 
through a communicating vein medial to the optic 
nerve to exit through the muscle cone (+>). The 
vein has a short course along the roof of the orbit 
and then exits through the trochlea for the superior 
oblique muscle (+>). (B) Anteroposterior view. 
The patient has congenital absence of the posterior 
portion of the superior ophthalmic vein. The usual 
course of the superior ophthalmic vein is indicated 
by the dotted lines. 


Orbital Venography 


TABLE | 


RESULTS OF 43 PATIENTS 











Tumors 
(Including 2 pseudotumors) 

Miscellaneous Positives 
(Thrombosis of veins) 

Normals 

False Positives 

False Negatives 

Failures 
Due to increased orbital pressure 
Due to anomalous drainage 





RESULTS 


Forty-three patients were referred be- 
cause of suspected intra-orbital space- 
occupying disease (Table 1). Exophthalmos 
was the most constant ocular sign. Twenty- 
six of the 43 roentgenologic studies were 
considered as positive for intra-orbital 
disease. Seventeen of the 26 were subse- 
quently operated on with histologic con- 
firmation of a tumor. Three of the 26 were 
explored with no lesion. being discovered, 
although in 1 case the exploration was 
transcranial and the subsequent course 
strongly suggested an undiscovered lesion. 
The remaining 6 roentgenologic positive 
patients are still under observation with no 
surgical confirmation as yet; however, 2 of 
the patients are being followed as stable 
venous anomalies. 

ROENTGEN INTERPRETATION 

The greatest accuracy of the venous 
angiography method in localizing expansive 
processes concerns lesions at the posterior 
limit of the globe, both inside and outside 
the central surgical space. At this level the 
superior ophthalmic vein is leaving the 
muscle cone to course along the roof of the 
orbit. Tumors outside the muscle cone near 
the roof of the orbit will cause downward 
bowing to the superior ophthalmic vein 
(Fig. 2, 4-D). Tumors within the muscle 
cone produce a smooth, taut, superior dis- 
placement of that portion of the superior 
ophthalmic vein that is still in the muscle 
cone. A distinct "step" 1s seen as the vein 
leaves the muscle cone superiorly. 
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Fic. 2. (4) Lateral projection of the orbital venogram in a patient with carcinoma of the lacrimal gland. 
An expansive process in the roof of the orbit produces downward bowing of the superior ophthalmic vein 
while the vein is in the muscle cone (—). By comparison, the normal superior ophthalmic vein is visible 
on the opposite side (+>). (B) The same patient in the reverse Waters’ projection. The venous pattern 
of the tumor becomes partially outlined by contrast material. This pattern is nonspecific and could not 
be differentiated from partial filling of an arteriovenous malformation. The superior ophthalmic vein is 
displaced medially in the muscle cone as well as the anterior portion outside the muscle cone. (C) The 
lateral projection of a young boy with glioma of the optic nerve. The arrows indicate the upward bowing 
of the midportion of the superior ophthalmic vein. At the anterior portion of the bow is the distinct "step" 
or acute angulation representing the site of exit of the superior ophthalmic vein from the muscle cone. 
(D) The same patient in the anteroposterior view. The superior ophthalmic vein appears stretched and 
taut as the vein curves about the optic nerve. Little displacement can be visualized in this projection. 


Lesions lying in the floor of the orbit will 
cause superior displacement of the entire 
superior ophthalmic vein. In our limited ex- 
perience, the "step" in the superior oph- 
thalmic vein is lost and the entire vein 
presents a smooth, arched contour. 

Near the posterior apex of the bony orbit, 
localization 1s more difficult. Room for ex- 
pansive growth is so limited that the veins 
become compressed early in the disease pro- 
cess. Venography will show only non-filling 
of the orbital veins if performed via the 
jugular route. The combination of jugular 
contrast medium injections to demonstrate 
the anterior extent of the occlusion will give 


a close approximation of the limits of the 
lesion. Unfortunately, one cannot diagnose 
displacement of veins if they cannot be 
contrast-filled. In addition, even if the veins 
are filled, displacements would be subtle 
simply because there is not the room for 
shift that is present in the anterior portion 
of the bony orbit. 

Three patients in our series had large ex- 
pansive processes with increased intra- 
orbital pressure and chemosis to a sufficient 
degree that non-filling of the orbital veins 
occurred. The contrast material filling of 
veins in surrounding areas was sufficiently 
great that one would anticipate excellent 
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filling if the veins were not severely com- 
pressed. Two additional patients had evi- 
dence of thrombosis; one in the superior 
ophthalmic vein in the apex and the other 
in the superior half of the cavernous sinus. 
The etiology in both cases is obscure; how- 
ever, both followed orbital exploration and 
a protracted course of postoperative heal- 
ing (Fig. 3). 

Lesions in the anterior third of the orbit 
are more readily diagnosed by displacement 
of the portion of the superior ophthalmic 
vein along the roof of the orbit. Most com- 
monly, tumors of the orbit occur in the 
region of the lacrimal gland or arise in 
the frontal and ethmoid sinuses to involve 
the orbit secondarily. In both instances, 
displacement of the superior ophthalmic 
vein is readily apparent. Tumors in the 
lower half of the anterior portion of the 
orbit may not be so readily diagnosed. 
Filling of the inferior ophthalmic vein is not 
as consistent as filling of the superior oph- 
thalmic vein. Fortunately, the anteriorly 
placed tumors in the lower outer quadrant 
of the orbit may be palpated by the ex- 
amining finger. 


DISCUSSION 


Orbital venography has proven useful in 
the localization of orbital tumors, but offers 
little in the diagnosis of histologic grading. 
Frequently, in patients with arteriovenous 
malformations the contrast material will 
fail to reflux into the lesion. The mass of 
vessels will only be identified as an expan- 
sive process and not directly outlined. Oc- 
casionally, in very low pressure, predom- 
inantly venous malformations with a low 
blood flow rate, retrograde contrast medi- 
um injections may outline the extent of the 
lesion (Fig. 4, Zand B). In one patient with 
a very vascular carcinoma of the lacrimal 
gland, venous reflux into the tumor oc- 
curred. This pattern of veins was non- 
specific and could not be differentiated from 
a malformation (Fig. 2, 47 and 5). 

Pseudotumors, being a localized cellular 
infiltration, produce an expansivity that 
cannot be differentiated from new growth 


Orbital Venography 


lic. 3. Anteroposterior view of orbital venogram 
obtained by transjugular technique. The arrows 
indicate a filling defect in the superomedial portion 
of the left cavernous sinus. Since the contrast ma. 
terial was injected into the posterior inferior por- 
tion of the cavernous sinus, and since the contrast 
material is seen to fill the superior ophthalmic vein 
which drains into the anterior superior aspect of 
the cavernous sinus, one can assume that the 
cavernous sinus has been completely filled. with 
contrast material and that any apparent defects 
represent real defects. Four years previously this 
patient had a very stormy postoperative course 
following orbital exploration. His clinical course 
has remained stable so that the filling defects are 
presumed to represent organized thrombus in the 
cavernous sinus. 


space-occupying lesions. However, their 
localization can be accurately determined 
for biopsy purposes the same as any other 
expanding process. 

In our material we had 3 false positive 
studies. One of these represented an error in 
measurement due to some rotation of the 
patient, and an attempt by the radiologist 
to "over-read." An additional false positive 
occurred in a patient with incomplete filling 
of the veins. The third false positive was 
observed early in this series and was related 
to an anomalous vein being mistaken for 
displacement. 

Failure to visualize the orbital veins oc- 
curred in 10 of the 43 patients. Seven of 
these were due to anomalies of the inferior 
petrosal sinus which did not permit visual- 
ization of the cavernous sinus or orbital 
veins. The 3 due to increased intra-orbital 
pressure are in themselves of some diag- 
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ic. 4. Subtraction films from a patient with a 
venous malformation of the orbit extending into 
the middle cranial fossa. (4) Lateral projection. 
The outline of the bony orbit and nasal bones have 
been sketched for orientation purposes. The sup- 
erior ophthalmic vein is visible through the mal- 
formation. (B) A basal projection of the same 
patient. From external appearances, only a few 
small veins could be visualized lateral to the bony 
orbit. In this view, the malformation is seen to ex- 
tend to the retrobulbar region, through the supe- 
rior and inferior orbital fissures and into the medial 
portion of the middle cranial fossa. The malforma- 
tion also extends lateral to the orbit in the super- 
ficial tissues in the temporal region. 


nostic significance. The lack of filling of 
the orbit, together with the clinical evi- 
dence of an intra-orbital expansive process, 
gives weight to the serious degree of com- 
pression of the veins that exists. 


COMPLICATIONS 


No complications occurred in the 43 pa- 
tients with orbital venography. The major- 
ity of the examinations were conducted on 
an out-patient basis. In the total of 100 pa- 
tients with venous studies about the base of 
the brain, a complication occurred in a pa- 
tient with a pituitary tumor. This patient 
had occluded cavernous sinuses and when 
contrast material was injected into the in- 
ferior petrosal sinus under considerable 
pressure, a partial lateral medullary syn- 
drome developed. This later cleared, de- 
spite severe pituitary damage and the ex- 
tensive surgery required for relief of this 
lesion. 

On two occasions contrast material ex- 
travasated into the extradural space. In 
both instances the patient was unaware of 
the extravasation, After visualizing the con- 
trast material along the dorsum sellae, we 
carefully questioned the patients. Each 
said that his head felt “a little full." No 
neurologic deficits could be identified and 
there were no sequelae. 


CONCLUSIONS 


I. Orbital venography offers a method of 
accurately localizing expansive processes in 
the orbit. The method is most useful in the 
retrobulbar space. 

2. Venography can be performed either 
by injections into the frontal vein, angular 
vein, or retrograde catheterization of the 
inferior petrosal sinus. 

3. Histologic types cannot bedetermined, 
and only the occasional arteriovenous mal- 
formation will be outlined by contrast ma- 
terial, 
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HE, veins of the posterior fossa have 

not been fully exploited for diagnostic 
purposes. Although variable in course, they 
are intimately related to the surface of the 
brain and therefore may provide a more 
faithful representation of anatomic struc- 
tures than the arteries (Fig. 1). For descrip- 
tive purposes, the veins of the posterior 
fossa may be divided into superior (Ga- 
lenic), anterior (petrosal), and posterior 
(tentorial) groups. The superior group has 
previously been detailed.*!* The anterior 


group drains the anterior portion of the 
cerebellum and brain stem and empties pri- 
marily into the superior and inferior petro- 
sal sinuses. During embryologic develop- 
ment, this group of veins is the first to ap- 
pear in the posterior fossa. Its main trunk is 


known as the ventral mesencephalic vein” 
and is clearly evident at about the 80-100 
mm. stage. At a later stage, this venous 
trunk becomes a vascular channel familiar 
to neurosurgeons under the name “‘petrosal 
vein.” The petrosal vein, homologous to 
the trigeminal vein? of other 
has also been designated as the floccular 
vein,” the vein of the pneumogastric lobule,’ 
and the great anterior cerebellar vein. A 


vertebrates, 


detailed description of the tributaries of 


the petrosal vein in relation to surrounding 
anatomic structures is essential for inter- 
pretation of the venous phases of the pos- 
terior fossa in angiography. One unique 
vein, the vein of the lateral recess of the 
fourth ventricle, belongs to this group and 
serves to delineate the posterior superior 
and lateral recesses of the fourth ventricle. 
This vessel, previously described," is not 
included in this report. 


liG. 1. Different relationships of the basilar artery 
and anterior ponto-mesencephalic vein to the brain 
surface. Direct left vertebral 
lateral view. 

There is prolonged filling of the vertebral and 
basilar arteries presumably due to partial subin- 
timal injection at the puncture site. Note the 
considerable distance between the basilar artery 
(BA) and the anterior ponto-mesencephalic vein 
(unlabeled arrowheads). 


angiogram, venous 


phase, 


The basilar artery is ad- 
Jacent to the clivus within the pontine cistern, 
whereas the vein is intimately attached to the an- 
The vein therefore 
outlines the contour of the belly of the pons and 


terior surface of the brain stem. 
the posterior wall of the interpeduncular fossa. 


ANATOMY 


Description of the veins of the posterior 
fossa requires detailed knowledge of the 
surface anatomy of the brain stem ani 
trebellum (Fig. 2, Z and B). The 
in the course of these vessels can onlv be 
interpreted in the light of such knowledge. 

The mesencephalon is the portion of the 
brain stem which connects the cerebrum 
with the rhombencephalon. It consists of 
paired bases pedunculi, the tegmentum and 


vagaries 
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the tectum.?^?? A distinct demarcation is 
evident laterally between the basis pe- 
dunculi and tegmentum as a vertically- 
running sulcus, the lateral mesencephalic 
sulcus. Between the two bases pedunculi, 
there is a wedge-shaped deep fossa. The 
tegmentum in the depths of this fossa 
shows numerous minute apertures for pas- 
sage of blood vessels and is known as the 
posterior perforated substance. The pos- 
terior wall of this fossa 1s oblique, convex 
posteriorly, and deepest inferiorly where a 
small midline depression, the superior 
foramen caecum, is present. The rootlets of 
the oculomotor nerves arise in the depths 
of the interpeduncular fossa from the side 
walls immediately anterior to the posterior 
perforated substance. The line of exit of 
these rootlets corresponds to the oculo- 
motor sulcus. The mammillary bodies in 
the floor of the third ventricle form the 


Fic. 2. Diagrammatic representation of radiologic- 
ally pertinent anatomic relationships of the pos- 
terior fossa structures. Labeled structures include 
the anterior angle of the cerebellum (AA), anterior 
lateral margin (ALM), anterior superior margin 
(ASM), biventral lobule (BL), cavernous sinus 
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(CS), external auditory canal (EAC), flocculus 
(F), foramen of Luschka (FL), the suprafloccular 
portion (GHF*) of the great horizontal fissure 
(GHF), inferior colliculus (I), internal auditory 
canal (IAC) and meatus (IAM), inferior foramen 
caecum (IFC), internal jugular vein (IJV), inter- 
peduncular fossa (IpF), inferior petrosal sinus 
(IPS), inferior semilunar lobule (ISL), intracranial 
opening of the jugular foramen (JF), lateral angle 
of the cerebellum (LA), lateral geniculate body 
(L), lateral mesencephalic sulcus (LMS), lateral 
sinus (LS), medial geniculate body (M), mid-brain 
(Mb), medullary ridge (MR) of the biventral 
lobule, post-clival fissure (PclF), pineal gland (Pi), 
posterolateral fissure (PLF), lip (Q) of the quad- 
rangular lobule (QL), retro-olivary sulcus (RoS), 
superior colliculus (S), superior foramen caecum 
(SFC), supra-olivary fossette (SoF), superior 
petrosal sinus (SPS), sigmoid sinus (SS), superior 
semilunar lobule (SSL), and cerebellar tonsil (To). 
The 3rd, sth, 6th, 7th and 8th cranial nerves and 
the primary and secondary fissures (1° and 2°) 
are also labeled. 

(A) Straight anteroposterior view. On the right 
side (reader’s left), the posterior surface of the 
petrous pyramid is indicated by dark shading. The 
clivus and posterior clinoids are also outlined. The 
outer portion of the anterior lateral margin (ALM) 
of the cerebellum is parallel to the superior petrosal 
sinus (SPS), whereas the inner portion of this mar- 
gin runs superiorly, medially and anteriorly to the 
anterior angle (AA) of the cerebellar hemisphere 
at some distance above the superior petrosal sinus. 
The suprafloccular portion (GHI*) of the great 
horizontal fissure also runs upward, medially and 
forward to the anterior angle. The medullary ridge 
(MR) of the biventral lobule (BL) marks the 
junction between the cerebello-medullary fissure 
and the petrosal surface of the cerebellum. The 
supra-olivary fossette (SoF) 1s deep and partially 
obscured (dotted) by the pons. 

(B) Lateral view. The petrosal portion of the 
inferior surface of the cerebellar hemisphere (out- 
lined by dotted lines) is triangular in shape with 
apex directed posteriorly at the lateral angle (LA). 
The bony landmarks including the superior ridge 
of the petrous pyramid are also indicated. Note the 
relationship between the most anterior extent of 
the petrosal surface of the cerebellar hemisphere 
and the clivus. The outer portion of the anterior 
lateral margin (ALM) runs somewhat below the 
superior petrosal sinus. The inner portion of this 
margin, however, runs obliquely upward and for- 
ward to cross the sinus. The great horizontal fissure 
(GHF) is located considerably below the lateral 
sinus (LS) especially at the level of the lateral angle. 
This fissure deviates superiorly, anteriorly and 
medially to run above the flocculus—the suprafloc- 
cular portion (GHF*) of the great horizontal fis- 
sure. 
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roof of the interpeduncular fossa. Anteri- 
orly, the fossa is open and communicates 
with other basal cisterns. The interpedun- 
cular cistern’! includes not only the space 
between the bases pedunculi (deep portion) 
but also the fluid-filled space anterior to the 
peduncles (superficial portion) as far for- 
ward as the membrane of Liliequist.!® This 
membrane bridges the oculomotor nerves, 
extending from the regions of the mam- 
millary bodies to the posterior clinoids. 
As seen from the front, the belly of the 
pons is convex from side to side as well as 
from top to bottom. It is demarcated su- 
periorly from the mesencephalon by the 
ponto-mesencephalic sulcus and inferiorly 
from the medulla oblongata by the ponto- 
medullary sulcus. The ponto-mesencephalic 
sulcus runs from the midline "superior 
foramen caecum" in the depth of the inter- 
peduncular fossa around the inferior mar- 
gin of the basis pedunculi to join the lateral 
mesencephalic sulcus. The combined sulcus 
continues posteriorly and inferiorly be- 
tween the brachium conjunctivum and the 


brachium pontis as the interbrachial sulcus. 
The belly of the pons is continuous on each 
side with the brachium pontis but is sep- 
arated from it by a vertical shallow groove, 
the lateral pontine sulcus. Lateral to this 
sulcus, the root of the trigeminal nerve 
emerges from the upper portion of the 


brachium pontis. The ponto-medullary 
sulcus extends laterally from the midline 
inferior foramen caecum to the supra- 
olivary fossette.!? This fossette isa small but 
deep cul-de-sac demarcated medially by the 
olive, posteriorly by the restiform body, 
laterally by the superficial membranous 
portion of the lateral recess of the fourth 
ventricle, and superiorly by the brachium 
pontis. The rootlets of the gth and roth 
nerves are related to the lateral wall of this 
fossette, whereas the 7th and 8th nerves are 
related to its superior wall. Inferiorly, the 
fossette is continuous with the sulcus be- 
hind the olive, the retro-olivary sulcus. The 
so-called cerebello-ponto-medullary angle is 
a term used loosely to refer to the junc- 
tional area between the medulla oblongata, 
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pons and cerebellum. The supra-olivary 
fossette is a more clearly defined anatomic 
area which occupies the medial portion of 
the angle. Because of the divergent course 
of the restiform bodies, the transverse di- 
ameter of the medulla ablonpata j Is larger 
superiorly. The supra-olivary fossette is 
therefore triangular in shape and also 
widens superiorly. 

Conventionally, the cerebellum is de- 
scribed as having two surfaces. The supe- 
rior surface faces the under aspect of the 
tentorium. The inferior surface consists of 
two parts, poorly demarcated from each 
other. One part faces the posterior aspect of 
the petrous pyramid (petrosal part) and 
the other the occipital squama (occipital 
part). The rather sharplv defined border 
between the superior and inferior surfaces 
is conveniently divided into anterior lateral 
and posterior lateral margins, which meet 
at the lateral angle (Fig. 2, Z and B). This 
angle is located behind the knee of the 
lateral sinus. The superior surface is sepa- 
rated from the upper part of the anterior 
cerebellar notch or the precentral cerebellar 
fissure by another distinct border des- 
ignated the anterior superior margin. The 
junction of the anterior superior margin 
and the anterior lateral margin is des- 
ignated the anterior angle. This angle is 
located behind and above the origin of the 
root of the trigeminal nerve. The inferior 
surface of the hemisphere shows a prom- 
inent circumferential fissure, the great 
horizontal fissure of the cerebellum. This 
fissure begins in the posterior cerebellar 
notch and runs forward and slightly down- 
ward on the occipital surface and then onto 
the petrosal surface at a level considerablv 
below the lateral angle. As it extends medi- 
ally on the petrosal surface, the fissure is 
usually. described “widened to receive 
the brachium pontis." It is convenient, 
however, to consider that it continues med- 
ially in front of the brachium pontis, be- 
tween the quadrangular lip above and the 
flocculus below, to reach the anterior angle. 
The fissure above the flocculus is therefore 
the suprafloccular portion of the great 
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horizontal fissure. The fissure below the 
flocculus is part of the posterolateral fis- 
sure," 

The cleft between the brain stem and 
cerebellum is divided into upper and lower 
parts by the cerebellar peduncles and the 
intervening fourth ventricle. The upper 
part corresponds to the precentral cere- 
bellar fissure.? The lower part is the cere- 
bello-medullary fissure. This latter fissure 
is gutter-shaped and intervenes between 
the posterior aspect of the medulla ob- 
longata and the adjacent portions of the 
tonsil and biventral lobule. The anterior 
margin of the fissure is indicated on the 
petrosal aspect of the cerebellar hemisphere 
by a fairly sharp vertical ridge on the 
biventral lobule, the medullary ridge. Pos- 
teriorly this fissure is continuous with the 
vallecula in the midline. 


THE PETROSAL VEIN AND ITS 
TRIBUTARIES 


The petrosal vein commonly originates in 
the region of the anterior angle or a short 
distance lateral to this angle along the ante- 
rior lateral margin of the cerebellum. It 
runs anterolaterally as a short trunk in the 
subarachnoid space to join the superior 
petrosal sinus. Tributaries from the ante- 
rior portion of the brain stem and cere- 
bellum converge to the petrosal vein from 
all directions (Fig. 3, 4-D). They may be 
classified as: (1) longitudinal and transverse 
veins related to the anterior aspect of the 
brain stem—mesencephalic, pontine and 
medullary veins; (2) veins coming from the 
wing of the precentral cerebellar fissure— 
brachial veins; (3) veins arising on the 
superior and inferior surfaces of the cere- 
bellum—hemispheric veins; (4) veins aris- 
ing in the cerebello-medullary fissure— 
retro-olivary vein, vein of the restiform 
body and medial tonsillar vein; and (5) the 
vein of the lateral recess of the fourth 
ventricle. 


FIRST GROUP OF TRIBUTARIES 


Although coarse networks of veins are 
frequently seen, by far the most prominent 
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Fic. 3. Diagrammatic representation of the anterior 
(or petrosal) draining veins of the posterior fossa 
and related anatomic structures. 

Labeled structures include the anterior lateral 
marginal vein (ALMV), anterior medullary vein 
(AMV), anterior perforated substance (APS), 
anterior superior marginal vein (ASMV), brachial 
vein (BV), basal vein of Rosenthal (BVR), deep 
middle cerebral vein (DMCV), flocculus (F), fora- 
men of Luschka (FL), great horizontal fissure 
(GHF), inferior colliculus (D, inferior hemispheric 
vein (IHV), insular veins (Ins V), inferior striate 
vein (ISV), lateral geniculate body (L), lateral 
angle (LA), anastomotic lateral mesencephalic 
vein. (LMV), medial geniculate body (M), 
medial orbital vein (MOV), medullary ridge (MR) 
of the biventral lobule, medial tonsillar vein 
(MTV), post-clival vein (PclV), precentral cere- 
bellar vein (PcV), pineal gland (Pi), posterior per- 
forated substance (PPS), petrosal vein (PV), retro- 
olivary vein (RoV), superior colliculus (S), superior 
hemispheric vein (SHV), superior petrosal sinus 
(SPS), torcular (T), tentorium (Tent), tonsil (To), 
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and diagnostically useful venous channel in 
the frst group of tributaries related to the 
anterior aspect of the brain stem is a longi- 
tudinal channel, the "anterior ponto- 
mesencephalic vein"!?2? (Fig, 5; 4; 5; and 


6). Embryologicallv, longitudinal veins 


transverse pontine vein (TPV), vein of the great 
horizontal fissure (VGHF), vein of the lateral re- 
cess (VLR) of the 4th ventricle, vein of the resti- 
form body (VRB). The sth cranial nerve (£N), 
primary fissure (1°F), anterior angle (*), lateral 
pontine vein (4), a superior transverse pontine 
vein: (unlabeled arrowhead) and a venous channel 
(unlabeled thick arrow) connecting a transverse 
pontine vein and a dural sinus of the base of the 
skull are also labeled. 

(4) Simulated Towne projection. The mesen- 
cephalon is sectioned obliquely from the top of the 
bases pedunculi anteriorly to the inferior colliculi 
posteriorly. The brachia pontis are finely shaded. 
The visible portion of the medulla oblongata is 
also shaded while the portion obscured by the 
pons is indicated by fine broken lines. Covered 
portions of the veins are drawn in dashed fashion. 
The "anterior ponto-mesencephalic vein" begins 
adjacent to the anterior perforated substance (not 
shown) and runs backward (1) to the roof of the 
interpeduncular fossa. It turns downward in the 
depth of the fossa (2) to the superior aspect of the 
pons, and then forward and downward in or adja- 
cent to the midline (3). It may be continuous infer- 
iorly with the anterior medullary vein (AMV). A 
transverse pontine vein (TPV) joins the third seg- 
ment (3) of the anterior ponto-mesencephalic vein 
at the level of the mid-pons. The severed stem of a 
bridging vein (unlabeled thick arrow) is shown 
which runs between the transverse pontine vein 
and a dural sinus behind the clivus. Only a portion 
of the vein of the lateral recess of the 4th ventricle 
(LVR) is shown on each side. Confluence of veins 
draining into the origin of the petrosal vein is 
shown. On the right side, these include tributaries 
from the wing of the precentral cerebellar fissure 
(brachial vein— BV), from the cerebellar margins 
(anterior superior marginal vein—ASMV, anterior 
lateral marginal vein—ALMV), from the great 
horizontal fissure of the cerebellum (vein of the 
great horizontal fissure— VGH E), from the inferior 
surface of the cerebellum (inferior hemispheric 
vein—IHV), and from the medulla oblongata 
(retro-olivary vein—R oV). The last vein, the retro- 
olivary vein, runs upward on the lateral aspect 
of the medulla oblongata behind the olive to reach 
the supra-olivary fossette. It then takes a charac- 
teristic curved course to emerge from the fossette 
and run upward in or adjacent to the lateral pon- 
tine sulcus ( $ ). On the left side, a circumpeduncu- 
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running on the anterior aspect of the brain 
stem are formed by secondary longitudinal 
anastomoses of the primary transversely 
running pial veins. As amply demonstrated 
by Padget," Hassler and Kaplan and 
Ford," these anastomoses usually occur on 





lar vein (not labeled) is shown draining directly 
into the posterior portion of the basal vein of 
Rosenthal (BVR) (anterior portion is not shown). 
The anastomotic lateral mesencephalic vein (LMV) 
is a venous channel connecting the brachial vein 
(BV) with the basal vein of Rosenthal. This bra- 
chial vein continues laterally along the anterior 
lateral margin to join the petrosal vein (PV). A 
more lateral location of the origin of the petrosal 
vein is indicated on the left side. In addition to a 
superior transverse pontine vein (arrowhead), one 
on each side, an inferior transverse pontine vein 
(TPV) is shown on the left side. A tortuous vein 
(unlabeled double arrows), which receives the vein 
of the lateral recess as well as tributaries from the 
petrosal aspect of the biventral lobule and the 
medial aspect of the cerebellar tonsil runs around 
the flocculus (F°) to the petrosal vein. The vein of 
the great horizontal fissure (VGHF) originates pos- 
teriorly in the depth of the fissure ($ and un- 
labeled long arrow on the left side) runs at first 
anterolaterally and then turns medially on the 
petrosal aspect of the fissure. It is joined by a sur- 
face vein running superficially in the same fissure 
and, more medially, by a superior hemispheric vein 
(SHV—in the primary fissure in this diagram). 
(B) "Submento-vertical" view. The torcular 
(T), the lateral sinuses and the superior petrosal 
sinuses are finely shaded. The undersurface of the 
tentorium is vertically shaded. On the right side, 
the medulla oblongata is severed near the cervical 
cord; on the left, it is cut across at its junction with 
the pons. The cavity of the 4th ventricle is indi- 
cated in black. On the right, the 1st segment (1) of 
the anterior ponto-mesencephalic vein is shown 
orginating at the anterior perforated substance 
by union of the deep middle cerebral vein 
(DMCV), medial orbital vein and inferior striate 
vein. The vein runs backward and medially below 
the optic tract and then between the cerebral 
peduncle and the mammillary body to reach the 
roof of the interpeduncular fossa. The 2nd segment 
(2) of the vein runs downward in the depth of this 
fossa and continues as the 3rd segment (3) in front 
of the pons. The anterior ponto-mesencephalic 
vein may communicate with the petrosal vein of 
the same or opposite side via a transverse pontine 
vein. The lateral pontine vein ( 4 ) connecting the 
retro-olivary veins with the petrosal vein, and the 
tortuous vein (unlabeled double arrows) which 


runs around the flocculus (F) are also shown. 
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liG. 3.(C) Lateral view. The veins correspond to those shown on the right side of Figure 3, Æ and B. The vein 
of the lateral recess (VLR) is shown more completely. The vein of the restiform body (WRB) is illustrated 
in this diagram. This vein runs upward behind the diverging restiform body adjacent to the lateral border 
of the floor of the 4th ventricle. [t joins the retro-olivary vein (RoV) in the retro-olivary sulcus or in the 
supra-olivary fossette. Trunks of major tributaries draining into the petrosal vein are usually obscured in 
the lateral view by the petrous pyramid. The anteroposterior diameter of the isthmus of the rhombencepha- 
lon (between unlabeled arrowheads) can be estimated by the distance between the lowermost point of seg- 
ment 2 (2) of a typical anterior ponto-mesencephalic vein and the colliculo-central point? of a precentral 
cerebellar vein. Two brachial veins, one running in the depth (BV) of the wing of the precentral cerebellar 
fissure and the other coursing adjacent to the anterior superior margin (ASMV), are also illustrated. 

(D) Lateral view. The veins correspond to those shown on the /eft side of Figure 3, 4 and B. The medial 
tonsillar vein (MTV) is located below the vein of the lateral recess (VLR). The brachial vein (BV) shown 
in this diagram runs at a somewhat lower level than the anterior superior margin of the cerebellum. It com- 
municates superiorly with a brachial tributary of the precentral cerebellar vein (PcV) and the anastomotic 


lateral mesencephalic vein (LMV), and inferiorly with the petrosal vein (PV). 


either side of the basilar artery. Not infre- 
quently, paired longitudinal plexiform 
channels unite to form a single midline 
trunk, the anterior ponto-mesencephalic 
vein. In fully developed or "prototype" 
form, this vein begins behind the frontal 
lobe in the region of the anterior perforated 
substance. It runs posteromedially and 
crosses below the optic tract to reach the 
upper deep part of the interpeduncular 
fossa (segment 1). [t then turns downward 
and backward and runs 1n or adjacent to 
the oculomotor sulcus in the depth of the 
interpeduncular fossa to reach the superior 
foramen caecum (segment 2). At this point, 
it abruptly turns forward and downward on 
the anterior aspect of the pons in or adja- 
cent to the midline (segment 3). It may 
communicate inferiorly with the anterior 
medullary vein or anterior spinal vein. The 
first segment is related to the roof of the 
lateral extension of the chiasmatic cistern 


and to the roof of the interpeduncular 
cistern (“roof segment"). The first segment 
may replace or represent the anterior por- 
tion of the basal vein of Rosenthal. The 
second segment is related to the inter- 
peduncular fossa and may be described as 
the *interpeduncular or mesencephalic seg- 
ment." The third segment related to the 
anterior aspect of the pons may be des- 
ignated as the “‘pontine segment." When 
both anterior ponto-mesencephalic and un- 
cal veins? are visualized in the lateral view, 
the size and shape of the basal cisterns—the 
chiasmatic, interpeduncular and pontine 
cisterns—are depicted rather accuratelv 
(Fig. 6/7). When the anterior ponto-mesen- 
cephalic and the precentral cerebellar veins 
are filled, a “‘mid-sagittal section” of the 
upper brain stem is portrayed (Fig. 3C; 
64; and 7). The anteroposterior diameter 
of the isthmus of the rhombencephalon is 
roughly represented by the minimal dis- 
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l'1G. 4. Roentgenograms of an injected specimen. The anterior veins of the brain stem and cerebellum were in. 
Jected with radiopaque material via the anterior spinal vein. For clarity, the major veins are retouched. 
Labeled structures include the anterior medullary vein (AM), anterior spinal vein (AS), brachial vein ( B), 
flocculus (F), suprafloccular portion of the great horizontal fissure (GHF), inferior colliculus (D, inferior 
hemispheric vein (IH), lateral mesencephalic vein (LM), lateral pontine vein (LP), vein of the lateral recess 
of the 4th ventricle (LR), petrosal vein (P), superior colliculus (S), superior hemispheric vein (SH) and 
transverse pontine vein (TP). The retro-olivary veins (arrowheads), segments 1, 2 and 3 of the anterior 
ponto-mesencephalic vein, and the 4th ventricle (4V) are also labeled. 

(4) Lateral view. The prominent anterior ponto-mesencephalic vein with interpeduncular (2) and pon- 
tine segments (3) outlines the depth of the interpeduncular fossa and anterior surface of the pons. The pos- 
terior part of the first or roof segment (1) is also visualized. The vein communicates inferiorly with the 
anterior medullary vein (AM) and anterior spinal vein (AS). Innumerable fine venous channels originating 
from the substance of the brain stem stream forward to join this longitudinal surface vein. The medial 
portion of a transverse pontine vein (TP) which drains the anterior ponto-mesencephalic vein is visualized. 
The more lateral portion extending to the petrosal vein was, however, not opacified. The vein of the lateral 
recess (LR) and inferior hemispheric veins (IH) form a single trunk which runs upward and forward in 
front of the brachium pontis in the suprafloccular portion of the great horizontal fissure of the cerebellum 
(GHF). This venous trunk is joined by a superior hemispheric vein (SH) and a brachial vein (B). It is also 
Joined by a lateral pontine vein (LP) which originates from the lateral aspect of the medulla oblongata 
(arrowheads). The confluence of these veins forms the origin of the petrosal vein (P). Networks of vessels 
covering the surface of the upper cervical cord and medulla oblongata are irregularly opacified. 

(B) “Submento-vertical view." The inferior hemispheric veins, the vein of the lateral recess (LR), retro- 
olivary veins (arrowheads), lateral pontine veins (LP), the ist, 2nd and 3rd segments of the anterior ponto- 
mesencephalic vein, transverse pontine vein (TP) and vascular network enveloping the medulla oblongata 
and upper cervical cord are well seen in this view. The superior hemispheric veins, brachial vein, and lateral 
mesencephalic vein (LM) are less clearly visualized. A segment of the vein running obliquely upward in the 
suprafloccular portion of the great horizontal fissure of the cerebellum (GHF) receives tributaries (IH) 
trom the inferior surface of the cerebellum. 


tance between the “‘colliculo-central point”? mm., in 40 presumably normal adult angio- 
of the precentral cerebellar vein and the grams. The distance between the colliculo- 
"superior" foramen caecum” located at the central point and the anterior aspect of the 
lower end of segment 2 of a ¢ypica/ anterior belly of the pons (outlined by the anterior 
ponto-mesencephalic vein. This distance  ponto-mesencephalic vein) ranged from 29 
ranged from 18 to 23 mm., averaging 21 to 36 mm. with a mean of 32 mm.? The 
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Fic. 5. Unusually prominent anterior ponto-mesencephalic vein. Right brachial angiograms, venous phase. 
(A) Lateral view. Segments 1, 2 and 3 of the anterior ponto-mesencephalic vein drain via a large trans- 
verse pontine vein (TP) into the superior petrosal sinus. [t is joined by a brachial vein (B) at the anterior 
angle (*). Segment 1 outlines the roof of the basal cisterns. [t begins (unlabeled thick arrow) below the an- 
terior perforated substance and runs backward to reach the depth of the upper part of the interpeduncular 
fossa. Segment 2 or interpeduncular segment runs downward in the depth of the fossa to the superior fora- 
men caecum (4). Segment 3 or pontine segment runs forward and then downward in front of the belly of 
the pons. At the level of the mid-pons, the vein drains into a transverse pontine vein (TP) which runs 
around the belly of the pons to the anterior angle (*). The position of the root of the sth nerve is indicated 
by a loop ($) formed by the transverse pontine vein. Also visualized is the posterior mesencephalic vein 
(PM) which is partly superimposed on but has no direct connection with the anterior ponto-mesencephalic 
vein. 

(B) Towne view (same case). Segment 1 is poorly visualized. Segment 2 is markedly foreshortened but 
indicates the depth of the interpeduncular fossa. Segment 3 is well seen because it is projected en face. The 
transverse pontine vein (TP) outlines the belly of the mid-pons. Several veins, including the brachial vein 
(B) and the vein of the lateral recess of the 4th ventricle (unlabeled arrowheads), unite in the region of the 
anterior angle (*) to form the petrosal vein (PV). A somewhat atypical vein of the great horizontal fissure 
( $) and the posterior mesencephalic vein (PM) are also opacified. 


anterior ponto-mesencephalic vein may tion varies. However, since the most 


drain into the basal vein of Rosenthal, the 
posterior mesencephalic vein or into the 
uncal vein.!? However, by far the common- 
est mode of drainage of this vessel 1s via a 
“transverse pontine vein” which runs lat- 
erally over the anterior aspect of the pons 
to join the petrosal vein. Because of varia- 
tions in projection and because transverse 
pontine veins may run at different levels on 
the anterior aspect of the pons, the distance 
between this vein and the superior ridge of 
the petrous pyramid in the Towne projec- 


prominent transverse pontine vein usually 
runs over the mid-portion of the pons, this 
distance frequently indicates the minimum 
size of the pontine cistein and its lateral 
extension. 

The course of the first, second and third 
segments of the anterior ponto-mesen- 
cephalic vein is variable (Fig. 8). In some 
instances, a midline anterior ponto-mesen. 
cephalic vein is not present. Instead, a large 
vein may run downward on the anterior 
aspect of the cerebral peduncle on one or 
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liG. 6. The anterior ponto-mesencephalic vein. Basal cisterns neatly outlined. 
(4) Lateral view. An uncal vein (U)? outlines the anterior wall of the lateral extension of the chiasmatic 
cistern. This vessel runs behind the orbital surface of the frontal lobe and drains into the cavernous or para- 


cavernous sinus. Segment 1 of the anterior ponto-mesencephalic vein outlines the roof of the basal cistern 


3 


segment 2 the depth of the interpeduncular cistern, and segment 3 the posterior wall of the pontine cistern. 
The inferior convexity in the course of segment 1 (unlabeled arrow) indicates crossing of the vessel under 


the optic tract. An anastomotic lateral mesencephalic vein (LM) connects a posterior mesencephalic vein 


(PM) with a brachial vein (B). The medial portion of the superior petrosal sinus (SPS) is visualized. The 
precentral cerebellar vein (Pc) runs directly upward to Join the internal cerebral vein (ICV). 

(5) Towne view (same case). The basal cisterns in this view overlap each other. The roof of the super 
ficial portion of the interpeduncular cisterns is indicated by veins running around the cerebral peduncle 
(the posterior part of segment 1). The anterior part (double arrowheads) of segment 1 is faintly visualized. 
Segment 2 runs in the right oculomotor sulcus in the depth of the interpeduncular cistern. Segment 3 out 
lines the anterior aspect of the pons in or adjacent to the midline. The transverse pontine vein (TP) out. 
lines the posterior wall of the pontine cistern and its lateral extension at this level. It joins the medial por 
tion of the superior petrosal sinus (SPS). More inferiorly, the lateral aspect of the medulla oblongata is out- 


lined by a vertical vein, the retro-olivary vein (row 


of single arrowheads), which diverges as it runs up- 


ward. After reaching the supra-olivary fossette, it takes a characteristic tortuous course to emerge from the 
fossette. This vein indicates the medial extent of the lateral medullary cistern, and its tortuous portion the 
location of the cerebello-ponto-medullary angle. The posterior mesencephalic vein (PM) and the anastomo- 
tic lateral mesencephalic vein (LM) run in the ambient cistern. The brachial vein ( B) joins the more lateral 
portion of the superior petrosal sinus by a short stem projected as a dense circle (short unlabeled arrow). 
The site of another petrosal venous stem (unlabeled long arrow) is indicated. 


the other side (Fig. 85). On reaching the 
interpeduncular fossa from in front, the 
vein may not enter the fossa but rather 
turn around the cerebral peduncle and con- 
tinue downward and backward on the 
anterolateral aspect of the pons (Fig. 8C). 
Accessory or sometimes primary drainage 


of the anterior ponto-mesencephalic vein 
or the transverse pontine vein may also 


via the cavernous sinus, basilar 
plexus or inferior petrosal sinus (Fig. 8D). 
Numerous small parenchymal veins which 
converge to the posterior perforated sub- 
stance to join the anterior ponto-mesen- 
cephalic vein can sometimes be discerned as 
a fan-shaped collection of vessels (Fig. 94). 
Fine parenchymal veins of the pons may 
also occasionally be demonstrated stream- 


OCCUYT 
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ing forward to join the third segment of the 
anterior ponto-mesencephalic vein (Fig. 


441; and 95). 


SECOND GROUP OF TRIBUTARIES 


The second group of tributaries are those 
running in the wing of the precentral cere- 
bellar fissure (Fig. 3; 10; and 11). These 
veins, running deeply or superficially in the 
fissure, may generically be designated 
“brachial veins" since they are related to 
the brachium pontis and brachium con- 
junctivum at variable levels. They may 
drain posteromedially as brachial trib- 
utaries of the precentral cerebellar vein. 
However, in many instances, they run 
anterolaterally in the wing of the precentral 
cerebellar fissure to Join the petrosal vein. 


When a brachial vein runs in the depth of 


the wing of the precentral cerebellar fissure, 


its course conforms exactly to the surface of 


the brachium conjunctivum and pontis 
(Fig. 115). More superficially in the fissure, 
it runs adjacent and parallel to the anterior 
superior margin of the cerebellum (anterior 
superior marginal vein—a variant of the 
brachial vein) (Fig. 11,7). In the Towne 
projection, the wing of the precentral 
cerebellar fissure is seen tangentially and a 
brachial vein which runs in the wing shows 
an inferolateral course. When the oblique 
course of the brachial vein is geometrically 
prolonged to the superior ridge of the 
petrous pyramid, it usually intersects the 
ridge at or lateral to the internal auditory 
meatus. When the vein is opacified on each 
side, an inverted “V” configuration 1s 
formed outlining the anterior cerebellar 
notch (Fig. 10). In the lateral view, the 
brachial vein runs anteroinferiorly to join 
the petrosal vein at the anterior angle. The 
intersection of the brachial vein with the 
superior ridge of the petrous pyramid 1s a 


rough landmark for the anterior angle of 


the cerebellum in this projection. 


THIRD GROUP OF TRIBUTARIES 


The third group of tributaries are superior 
and inferior hemispheric veins correspond- 
ing to the respective surfaces of the cere- 


Veins of The Posterior Fossa 


Fic. 7. Mid-sagittal landmarks of the upper brain 
stem in lateral view. The precentral cerebellar 
vein (Pc) and segments 2 and 3 of the anterior 
ponto-mesencephalic vein outline, in effect, a mid- 
sagittal section of the upper brain stem. The dis 
tance between the colliculo-central point? (poster 
ior arrowhead) of the precentral cerebellar vein 
and the lower end of segment 2 (anterior 
head) represents the anteroposterior diameter of 
the isthmus. A somewhat unusual obliquely-run- 
ning vein (unlabeled long arrow) on the medial 
aspect of the temporal lobe extends upward to 
join the first segment of the anterior ponto-mesen- 
cephalic vein. 


arrow 


bellar hemisphere. Superior hemispheric 
veins draining into the petrosal vein consist 
usually of two major veins, one related to 
the primary fissure and the other to the 
postclival fissure behind the quadrangular 
lobule (Fig. 3 3: and 12). The general course 
of these veins corresponds to these fissures, 
although they run at variable depths in the 
fissures. 

In the Towne projection, superior hemi- 
spheric veins show an arcuate course convex 
laterally. Although these veins may end at 
the anterior lateral margin of the cere- 
bellum by joining a vein running along this 
margin, frequently they continue a short 
distance onto the petrosal surf face to open 
into a vein running in the great horizontal 
fissure of the cerebellum (Fig. 124; and 
108). In the lateral view, the superior 
hemispheric veins run forward and down- 
ward. However, they are often obscured by 





Huang, Wolf, Antin and Okudera SEPTEMBER, 1968 


l'16. 8. Variations of the anterior ponto-mesencephalic vein. Lateral venograms (4 cases). 

(4) The second segment (2) of the vein turns downward and forward before reaching the depth or the 
posterior wall of the interpeduncular fossa. The notch (unlabeled arrow) convex in feriorly in the course of 
segment I indicates passage below the optic tract. 

(B) Segment 2 is anomalous and does not dip into the deep portion of the interpeduncular fossa but runs 
on the anterior aspect of the cerebral peduncle. It joins segment 3 at an acute angle corresponding to the 
ponto-mesencephalic sulcus. Segment 3 continues downward a short distance lateral to the median groove 
of the pons. The uncal vein (U), anastomotic lateral mesencephalic vein (LM), the precentral cerebellar 
vein (Pc) and the location of the anterior angle (*) are indicated. Inferior convexity in the course of segment 
I due to the optic tract is again noted (unlabeled arrow). 

(C) Segment 1 of the vein runs backward in the roof of the basal cistern. Upon reaching the interpedun- 
cular fossa ( 4), it turns laterally and inferiorly around the cerebral peduncle (4) and then posteroin- 
feriorly on the lateral aspect of the upper pons as a superior transverse pontine vein (TPs). This vein then 
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Fic. 9. Parenchymal tributaries of the anterior ponto-mesencephalic vein. 

(A) Lateral view. Numerous fine parenchymal veins from the tegmentum of the mesencephalon, thal- 
amus and hypothalamus converge to exit through the posterior perforated substance in the depth of the 
interpeduncular fossa to join segment 2 of the vein. Segment 3 is also labeled. 

(B) Lateral view (another case). Numerous fine transverse veins arise deep within the pons and stream 
forward to join the network (3’) on the belly of the pons. The major component of this network is the third 
segment (3) of the anterior ponto-mesencephalic vein located in the median groove. Two small veins, one 
on each side, run medially around the cerebral peduncles (arrowheads) to join the second segment (2) of the 
vein. These vessels identify the anterior margin of the cerebral peduncles. A lateral mesencephalic vein 
drains a fine network of vessels (X) on the lateral aspect of the tegmentum. A prominent hemispheric vein 
(row of unlabeled arrows), partly obscured by the petrous pyramid, joins the petrosal vein at the anterior 
angle (*). The colliculo-central point (Pc) of the precentral cerebellar vein is clearly visualized. 








drains into the superior petrosal sinus (SPS) which runs within the tentorium above and posterior to its 
usual level. 

(D) Segments 1 and 2 run obliquely downward and backward to the superior foramen caecum (single 
arrowhead). Segment 3 continues in front of the pons and is connected with the inferior petrosal sinus 
(IPS) by a bridging vein (double arrowheads). The superior petrosal sinus (SPS) and transverse pontine 
vein (TP) can also be identified. Confluence of several veins in the region of the anterior angle (*) is evi- 
dent. The anteroposterior diameter of the isthmus is indicated by the same landmarks as in Figure 7 [from 
colliculo-central point (Pc) to superior foramen caecum, single arrowhead]. The lateral mesencephalic vein 


(LM) is also labeled. 





Fic. 10. Brachial veins. 

(4) Towne view. A brachial vein (B) runs obliquely inferolaterally in the wing of the precentral cere- 
bellar fissure. It is joined by an anterior lateral marginal vein (ALM) and continues beyond the anterior 
angle to drain into the petrosal vein (P). The petrosal vein is seen on-end and therefore appears as a dense 
dot or circle. An inferior hemispheric vein (IH) also joins the petrosal vein. The flocculus (f) is outlined by 
surrounding veins. A midline “anterior medullary vein” (AM) runs upward to the inferior foramen caecum 
(4). Also labeled are the superior petrosal sinus (SPS) and the inferior vermian veins (IVV). 

(B) Towne view (another case). Brachial veins (B) are seen on both sides. On the left side, the vein is 
continuous superiorly with the anastomotic lateral mesencephalic vein (LM). Inferiorly, it joins the petro- 
sal vein (P) at the anterior angle (*). The vein of the great horizontal fissure (GHF) which receives a super- 


ior hemispheric vein (SH) joins the petrosal vein at the same point. The medial portion of the vein of the 
great horizontal fissure above the flocculus is in line with the brachial vein. On the right side, a brachial 
vein (B) and a vein of the great horizontal fissure (GHF) unite to form a venous channel (arrowhead). An 
unusually prominent superior transverse pontine vein (unlabeled arrow) joins this channel to form a rather 
short petrosal vein (P). The inferior vermian vein (IV) is also evident on the right side. 
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;. 12. Superior hemispheric veins. 

(A) Towne projection. Two superior hemispheric veins are seen (1°F, Pell’). The more medial of these 
(1°) has a characteristic arcuate course corresponding to the primary fissure; the lateral one (Pell) 
corresponds to the postclival fissure, ;.e., the fissure behind the quadrangular lobule. The anterior portion of 
the latter vessel is deeper in the fissure than the posterior portion. A transverse twig (4) joins the posterior 
portion from the depth of the fissure. Anteriorly, these superior hemispheric veins join a large vessel which 
runs at first in the great horizontal fissure (GHF) and then along the anterior lateral margin (ALM) of the 
cerebellum. The anastomotic lateral mesencephalic vein (LM) connects the brachial vein (B) and the pos- 
terior mesencephalic vein (PM). A row of arrowheads indicates the course of the vein of the lateral recess. 
The circumpeduncular portion, Pd, of the posterior mesencephalic vein (PM) outlines the anterior aspect of 
the cerebral peduncles. A lateral pontine vein (4) is also visualized. 

(B) Lateral view (another case). Superior hemispheric veins related to the primary fissure (1°F) and 
postclival fissure (Pcl F) extend downward and forward. A vein running along the anterior superior margin 
(ASM) of the cerebellum is opacified. The anterior angle (*), transverse pontine vein (TP), anastomotic 
lateral mesencephalic vein (LM) and a vein on the anterior aspect of the pons (arrowhead) are also indi- 
cated. 


liG. 11. Brachial veins outlining the wing of the precentral cerebellar fissure. 

(4) Towne view. Two brachial veins (Bi, B») run in the wing of the precentral cerebellar fissure. The 
lower and medial one (B;) is in the depth of the fissure on the superior aspect of the brachium pontis. It is 
connected by a channel running over the brachium conjunctivum (bc) to a split or double precentral cere- 
bellar vein ($). The upper and lateral brachial vein (Bə) runs along the anterior superior margin of the 
cerebellum and therefore may also be called the anterior superior marginal vein. The brachial veins unite 
at the anterior angle (*) with a vein running along the anterior lateral margin (ALM) and then with the vein 
of the lateral recess of the 4th ventricle (row of arrowheads) to form the petrosal vein (P). 

(B) Lateral view (another case). Brachial veins run in the depth (Bi) and along the upper margin ( B») of 
the precentral cerebellar fissure. The deep one (Bi) outlines the superior aspect of the brachium pontis and 
communicates over the brachium conjunctivum (bc) with the precentral cerebellar vein (Pc). The super- 
ficial vessel (B») runs forward and downward to the anterior angle (*). Segments 1, 2 and 3 of the anterior 
ponto-mesencephalic vein are also labeled. 
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FIG. 1 


3. Prominent vein of the great horizontal fissure. 
(4) Towne view. A long continuous vein begins posteriorly in the depth of the great horizontal fissure 
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(A) and, as it runs forward, becomes more superficial and turns around (B) onto the petrosal surface. It con- 
tinues upward and medially (C) to join the petrosal vein (P). The vein of the lateral recess (LR) joins the 
medial portion ( 4 ) of the superior petrosal sinus. The inferior vermian vein (IV) and the lateral angle of 


the cerebellum (*) are also labeled. 


(B) Lateral view (same case). Note that the vein (A,B,C) in the great horizontal fissure runs well below 
the level of the lateral sinus. The slight downward convexity is typical. The portion of the vein on the 
petrosal surface of the cerebellum is obscured by the petrous pyramid. A, B and C correspond to points in 
Figure 13.4. The inferior vermian vein (IVV) is opacified. The location of the /atera/ angle (*) is indicated. 


the lateral sinus, tentorial sinus or by 
supratentorial veins (Fig. 128). 


Veins running on the inferior aspect of 


the cerebellar hemisphere may drain an- 
teriorly into the petrosal sinuses or pos- 
teriorly into the torcular or lateral sinus. 
Ihe most constant and characteristic in- 
ferior hemispheric vein draining forward 
into the petrosal sinuses is the “vein of the 
great horizontal fissure" of the cerebellum 
(Fig. 13; and 14). This vein begins pos- 
teriorly within the fissure, runs antero- 
laterally and slightly inferiorly to reach a 
level about a centimeter below the lateral 
angle of the cerebellum (depending on 
anatomic variations in the course of the 
fissure). It then turns anteromedially and 
runs onto the petrosal aspect of the great 
horizontal fissure of the cerebellum to reach 
the lateral border of the flocculus. The vein 
then changes its course and runs in the 
suprafloccular portion of the great hori- 


zontal fissure between the flocculus and the 
overhanging quadrangular lip to reach the 
anterior angle and join the petrosal vein. 
Not infrequently, the suprafloccular seg- 
ment is replaced by a vein which runs ver- 
tically upward over the quadrangular lip 
to reach the anterior lateral margin of the 
cerebellum and Join a more laterally located 
petrosal vein. In the Towne projection, a 
relatively acute, laterally convex "angle" is 
formed in the course of the vein of the great 
horizontal fissure as it turns around from 
the occipital to the petrosal surface. The 
apex of the angle corresponds to the most 
lateral portion of the depth of the great 
horizontal fissure (Fig. 13.7; and 14.7). In 
the lateral projection, 
tuse, convex inferiorly, and its apex is 
located about one centimeter below the lat- 
eral angle of the cerebellum (Fig. 138). In 


this "angle" IS ob 


some cases, no discrete angle is present 
(Fig. 145). The suprafloccular portion of 
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Fic. 14. Vein of the great horizontal fissure and hemispheric veins. 

(A4) Towne view; right side. Petrous pyramid on reader's left, midline on right. The vein of the great 
horizontal fissure (row of arrowheads) is similar to the previous case. Two prominent superior hemispheric 
veins—one running in the postclival fissure (Pcl) and the other ( 4 ) more medially on the hemisphere—join 
( 4) the vein of the great horizontal fissure at the anterior lateral margin. A transverse pontine vein (TP) 
runs laterally and posteriorly (double arrowheads) and joins the more medial hemispheric vein on the 
superior surface of the cerebellum. An inferior hemispheric vein shows an acute angulation ( $) indicating 
the inferior border of the cerebellar hemisphere. The vein of the lateral recess of the 4th ventricle (LR) is 
also labeled. 

(B) Lateral view (same case). The vein of the great horizontal fissure (GHF), the vein of the lateral re- 
cess (row of arrowheads), and an inferior hemispheric vein ( 4.) form a common stem ( 41) which runs 
upward on the petrosal surface. The transverse pontine vein (TP) and a supratentorial cortical vein ( 4) 


are also labeled. 


the vein of the great horizontal fissure 1s 


usually obscured by the superimposed 
petrous pyramid in this projection. Other 
inferior hemispheric veins running below 
the level of the great horizontal fissure in- 
clude veins running in the anso-parame- 
dian, prebiventral, intra-biventral and sec- 
ondary fissures. In the lateral projection, 
these vessels appear to converge and unite 
to form one or two vertically-running 
vessels on the petrosal surface which ex- 
tend upward approximately parallel to the 
clivus to the region of the anterior angle 
(Fig. 3C; 44; and 148). In the Towne pro- 
jection, the inferior hemispheric veins ex- 
hibit an angular course as they run around 
the curved inferior surface of the cere- 
bellum (Fig. 14/7). In this view, the seg- 
ments of these vessels on the petrosal sur- 
face are markedly foreshortened. When the 
projection is in a straight anteroposterior 


direction or directly through the orbits, the 
full length of the petrosal segments of the 
inferior hemispheric veins is evident (Fig. 
1s; and 16). The direction of drainage of 
inferior hemispheric veins is variable and 
may be forward into the petrosal sinuses or 
backward into the posterior (or tentorial) 
group of veins of the posterior fossa. It 
should be noted that hemispheric veins are 
often seen which cannot be simply des- 
ignated since they do not conform to the 
course of major fissures. 


FOURTH GROUP OF TRIBUTARIES 


The most useful vein in the fourth group 
of tributaries, i.e., those related to the cere- 
bello-medullary fissure, is a vertical venous 
channel which runs on the lateral aspect of 
the medulla oblongata behind the olive. 
Veins in this location may be generically 
called ‘‘retro-olivary.” This vessel may 
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Fic. 15. Inferior hemispheric veins draining into the 
inferior petrosal Anteroposterior view 
through the right orbit. Two inferior hemispheric 
veins (X, Y) run downward and medially on the 
petrosal surface. They drain into the inferior 
petrosal sinus ( 4 ) in the region ‘of the jugular 
foramen. Slight rotation of the head was helpful 
in exposing this area more clearly. 


sinus. 
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outline the exact lateral border of the me 


dulla oblongata as seen in the Towne pro- 


jection, [n other Cases, It is located slightly 
more medially, anterior to the rootlets of 
the gth and toth cranial nerves (Fig. 3; and 
4). As this vein runs upward, it reaches the 
cerebello-ponto-medullary angle or supra- 
olivary fossette. At this level, it turns 
laterally, or medially and then promptly 
laterally, to form a distinct angle which 
identifies this region (Fig. 38; 6B; and 17). 
The further course of this venous channel is 
either directly into a vein which continues 
upward in the lateral pontine sulcus (lat- 
eral pontine vein) medial to the flocculus, 
or into the vein of the lateral recess of the 
fourth ventricle. Other small veins related 
to the cerebello-medullary fissure include 
the vein of the restiform body and the 
medial tonsillar vein. The vein of the resti- 
form body, first described by Hédon,? runs 
upward behind the diverging restiform 


ic. 16. Inferior hemispheric vein draining into the posterior (or tentorial) group of veins. 
(4) Anteroposterior view. A vein (X) runs upward on the petrosal surface of the cerebellar hemisphere. 
Upon reaching the anterior lateral margin ( 4 ), it turns laterally and then backward on the superior aspect 
of the cerebellar hemisphere as a superior hemispheric vein (Y). This vein continues posteriorly into a ten- 


torial (dural) sinus" ( 4 4 ). 


(B) Lateral view (same case). The vein on the petrosal aspect (X) has an unusual posterior convexity. It 
crosses the anterior lateral margin ( 4 ) to continue posteriorly on the superior surface (Y) to join the ten- 


torial sinus (double arrows). 





VoL. IO4; No. I 


body and joins the lateral pontine vein or 
the vein of the lateral recess at the cere- 
bello-ponto-medullary angle (Fig. 3C). The 
medial tonsillar vein" runs forward to Join 
either the vein of the lateral recess or an 
inferior hemispheric vein, or backward to 
join an inferior vermian vein. 

The petrosal vein formed by union of the 
above mentioned tributaries usually orig- 
inates at the anterior angle or along the 
adjacent anterior lateral margin of the 
cerebellum. It runs anterolaterally to join 
the superior petrosal sinus at a variable 
site (Fig. 18; and 19). It may be obscured 
bv the petrous pyramid or superimposed 
prominent tributaries. Even though the 
stem Is relativelv well visualized, the actual 
junction with the superior petrosal sinus 
may not be opacified (Fig. 19/7). Not infre- 
quently there are several venous stems 
which drain into the superior petrosal sinus 
at different points'^!* (Fig. 66; and 134) 
Occasionally, a small venous channel orig- 
inates from the region of the cerebello- 
ponto-medullary angle and connects with 
the inferior petrosal sinus.” 

One example demonstrating the useful- 
ness of the anterior group of veins in the 
diagnosis of anteriorly located space-oc- 
cupying lesions is shown in Figure 20, 4 
and B. An effort is also made in this illus- 
tration to emphasize that a three-dimen- 
sional concept of the petrosal group of 
veins is essential in understanding the 
pertinent anglographic features. Stereo- 
scopic views are most helpful in this con- 
nection. 


SUMMARY 


1. The posterior fossa venous system can 
be divided into superior (or Galenic), an- 
terior (or petrosal), and posterior (or ten- 
torial) groups. The second or petrosal group 
of veins is the subject of this paper. 

2. The petrosal group of veins may be 
divided into: (a) veins related to the an- 
terior aspect of the brain stem—anterior 
ponto-mesencephalic vein, transverse pon- 
tine vein, lateral pontine vein, anterior 
medullary vein and parenchymal perforat- 
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Fic. 17. Vein of the restiform body. Marked Towne 
view. 

The vein of the restiform body (row of arrow- 
heads) runs upward on the right lateral aspect of 
the medulla oblongata. As it approaches the pons, 
it diverges and turns abruptly laterally in the 
cerebello-ponto-medullary angle (4) to join the 
vein of the lateral recess (LR). This vessel takes 
an arcuate course around the flocculus (unlabeled 
short arrow) to join the petrosal vein (P) at the 
anterior angle (*). An incomplete retro-olivary 
vein is also seen on the left side (double arrow- 
heads). Tortuous transverse veins in the ponto- 
medullary sulcus (unlabeled long arrow) are evı- 
dent. Another longitudinal medullary vein (M) 
is seen near the midline. Brachial veins (B), the 
superior petrosal sinus (SPS), and a transverse 
pontine vein (TP) are also labeled. 


ing veins; (b) veins in the wing of the pre- 
central cerebellar fissure—brachial veins; 
(c) veins on the superior and inferior sur- 
faces of the cerebellar hemisphere—superior 
hemispheric and inferior hemispheric veins 
including the vein of the great horizontal 
fissure; (d) veins on the cerebellar side 
(medial tonsillar vein) and medullary side 
(retro-olivary vein and vein of the restiform 
body) of the cerebello-medullary fissure; 
and (e) the vein of the lateral recess of the 
fourth ventricle. 

3. The anatomy and the roentgen ap- 
pearances of the tributaries of the petrosal 
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lic. 18. The petrosal vein. 

(4) Towne view. The petrosal vein (P) is a short stem which extends from the anterior angle (*) forward 
to unite with the superior petrosal sinus. The actual junction is poorly opacified. A brachial vein ( B), vein 
of the great horizontal fissure (GH FE), and transverse pontine vein (TP) are also labeled. 

(B) Lateral view (same case). A short stem, the petrosal vein (P), extends from the anterior angle (*) to 
the superior petrosal sinus. A brachial vein ( B), vein of the great horizontal fissure (row of arrowheads), pre- 
central cerebellar vein (Pc), transverse pontine vein (TP) are labeled. A fine vein (4) outlining the anterior 
aspect of the pons can also be identified. 


v 3 


l'1G. 19. The petrosal vein. 
(4) Towne view. Multiple tributaries unite ( 4) to form a short stem, the petrosal vein (P), which runs 
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Fig. 20. “Cerebello-pontine angle" tumor displacing the petrosal vein and its tributaries. 

(A) Right brachial angiogram, venous phase, Towne view. This film is one of a stereoscopic pair. The 
petrosal vein (PV) is markedly stretched and elevated but abnormalities of its tributaries are not immedi- 
iately obvious. A vein in the ponto-medullary sulcus (arrowheads) and a faintly visualized transverse pon- 
tine vein (TP) are displaced medially and posteriorly. The medial portions of the vein of the great horizontal 
fissure (GHF) and of the inferior hemispheric veins (IH) are stretched and displaced backward. The 
anastomotic lateral mesencephalic vein (LM) is crowded backward and upward. Also labeled are the 
cavernous sinus (CS), and bilateral inferior vermian veins (IV). 'The inferior vermian veins obscure the 
precentral cerebellar vein although a brachial tributary (B^) is seen on the left side. The brachial tributary 
(B) on the right drains into the petrosal vein. The presence of an angle tumor was confirmed by pneumoen- 
cephalography. 

(B) The right side is a diagrammatic representation of the displaced petrosal vein and its tributaries as 
seen in Figure 20/4. Vessels located behind the tumor (T, shaded) are shown in dashed fashion. In order to 
portray the displacements, on the left side, an artificial reconstruction of the presumed normal courses of 
the same vessels is indicated. Labels not included in Figure 20 designate veins in the ponto-medullary sul- 
cus (PMS), anterior medullary vein (AM), precentral cerebellar vein (Pc), basal vein of Rosenthal (BVR), 
and the anterior angle (*). 


laterally to join the superior petrosal sinus. These tributaries include the anterior lateral marginal vein 
(ALM), an inferior hemispheric vein (IH), and vein of the lateral recess (LR). An inferior vermian vein 
(IV) and the anterior angle (*) are also labeled. 

(B) Towne view (another case). Several veins converge toward the anterior angle (*) and form a short 
stem which drains ( 4 ) directly into the superior petrosal sinus (SPS). A vein running in the posterolateral 
fissure (PLF) outlines the inferior and lateral borders of the flocculus (f). Also labeled are two inferior 
hemispheric veins (IH). 
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vein are described in detail. One example of 
displacement and deformation of the veins 
associated with an acoustic neuroma is 
illustrated. 


Bernard S. Wolf, M.D. 
Department of Radiology 
The Mount Sinai Hospital 
11 East 1ooth Street 

New York, New York 10029 


We would like to express our thanks to 
Dr. Paul Anderson of the Department of 
Neuropathology for his assistance and en- 
couragement in the preparation of speci- 
mens for this study. 
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CAVERNOUS SINUS VENOGRAPHY* 


By PHILLIP C. SHIU, 


M.D.,¢ WILLIAM N. HANAFEE, M.D.,f GABRIEL H. 
WILSON, M.D.,§ and ROBERT W. 


RAND, M.D.| 


LOS ANGELES, CALIFORNIA 


UMORS in the sellar region may pro- 

duce bone erosion? or displacement of 
the carotid siphons to give some indication 
of the direction of growth. On occasion the 
changes may be inconclusive, or even mis- 
leading. Opacification of the cavernous 
sinuses offers the opportunity to obtain 
detailed information concerning the pitui- 
tary gland.? Cavernous sinus venography 
will indicate the true extent of that portion 
of the intrasellar (pituitary) tumor that 
has not as vet extended into the cerebral 
subarachnoid space. 


MATERIAL 


The present study is based on 100 con- 
secutive venous studies of the channels 


about the base of the skull and orbits. Of 


these, 57 examinations were for lesions 
directly affecting the cavernous sinuses. 
The remainder were for orbital venography 
and will be the subject of a separate report. 
Information gained from the orbital in- 
vestigations is utilized in compiling normal 
variations. 

The vast majority of the 57 cavernous 
sinus studies were for acromegaly (28 pa- 
tients) or chromophobe adenomas (17 pa- 
tients). Four patients had invasive tumors 
extending into the cavernous sinuses, while 
8 were of a miscellaneous group being in- 
vestigated for atypical facial pain, extra- 


ocular nerve palsies, or for clarification of 


the exact location of aneurvsms about the 
carotid siphon. 
ANATOMY 


The cavernous sinuses are paired struc- 
tures, roughly quadrangular in shape, lving 


adjacent to either side of the body of the 
sphenoid bone. Their dural coverings form 
the lateral limiting walls of the sella turcica. 
They are united with each other by anterior 
and posterior intercommunicating sinuses 
beneath the dura of the diaphragma sellae. 
In the normal patient, the combination of 
anterior and posterior intercommunicating 
sinuses, together with the cavernous sl- 
nuses, completely surround the pituitary 
gland. 

The cavernous sinuses communicate with 
the angular vein and anterior 
via the ophthalmic veins. 


facial veins 
The superior 


ophthalmic vein drains anteriorly into the 
angular vein and posteriorly to the caver- 
nous sinus via the superior orbital fissure. 
The inferior ophthalmic vein communicates 
with the cavernous sinus via the inferior 
orbital fissure and pterygoid plexus. Supe- 


riorly, veins drain into the cavernous sinus 
from the planum sphenoidale region and 
from the sylvian fissure. Posteriorly, the 
cavernous sinus receives drainage from the 
prepontine veins and communicates freely 
with the superficial petrosal vein via the 
prepontine veins. 

The superior and inferior petrosal sinuses 
are large dural sinuses that communicate 
freely with the cavernous sinus. The supe- 
rior petrosal sinus lies at the attachment of 
the falx to the petrous pyramid and enters 
the posterior superior angle of the caver- 
nous sinus. This sinus 1s not accessible to 
our catheter techniques. 

The inferior petrosal sinus drains the 
cavernous sinus from its posterior ex- 
tremity. Contrary to anatomic textbooks, 
the inferior petrosal sinus does not always 
drain directly into the internal jugular bulb 


* From the University of California at Los Angeles, Center for the Health Sciences, Los Angeles, California. 


+ Instructor in Residence, Department of Radiology. 
t Professor and Chairman, Department of Radiology. 
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ic. 1. The four types of drainage of the inferior petrosal sinus as depicted in our study. Excellent filling of 
the cavernous sinus and orbital veins can be obtained from Type I and Type II, since the catheter tip 
can be either placed adjacent to or actually in the orifice of the inferior petrosal sinus. In patients with 
Type III, the channel is more of a plexus of veins. Even under these circumstances, contrast material 
injected near the orifice of the inferior petrosal sinus will usually reflux to outline the cavernous sinus. 
The orbital veins rarely fill in this type of patient. Type IV anatomic configurations of the inferior petrosal 
sinus draining into the deep cervical plexus are impossible to investigate via the jugular route. 


(Fig. 1). In our material, we found four 
distinct types: 

Type I—(45 per cent). The inferior pe- 
trosal sinus drains directly into the 
internal jugular bulb. 

Type I —(24 per cent). The inferior pe- 
trosal sinus drains into a communicat- 
ing vein that unites the internal jugu- 
lar bulb with the deep cervical plexus. 

Type II— (24 per cent). The inferior 
petrosal sinus is poorly formed and 


exists as a plexus of veins. Through this 
plexus the cavernous sinus drains 
posteriorly into the internal jugular 
bulb, the communicating vein con- 
necting the bulb and deep cervical 
plexus, and directly into the deep 
cervical plexus. 


Type IV—(7 per cent). The inferior pe- 
trosal sinus 1s formed and drains di- 
rectly into the deep cervical plexus of 
veins. 
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In 4 per cent of our patients we were unable 
to clearly visualize the type of inferior pe- 
trosal sinus. Occasionally there is variation 
between the two sides in the same patient. 
We classified the patient according to the 
side that dominated the venous drainage 
system. 


TECHNIQUE 


Under sterile conditions a skin wheal is 
raised with local anesthesia along the 
medial edge of the sternocleidomastoid 
muscle approximately 3 cm. cephalad to 
the sternal end of the clavicle. The sub- 
cutaneous tissues are infiltrated and a stab 
wound with a No. 11 scalpel blade 1s made 
in the skin and subcutaneous tissues to 
facilitate later passage of the polyethylene 
catheter. 

The internal jugular vein is punctured 
utilizing an 18 gauge thin-walled needle 
approximately 7 cm. long attached to a 
plain-tipped 10 cc. syringe containing I 
per cent Xylocaine. The needle is directed 
cephalad approximately 5 mm. lateral to 
the common carotid artery. The tip of the 
mastoid can be used as a landmark for 
needle direction. As the needle is advanced, 
small amounts of Xylocaine are injected 
and frequent aspirations are made. A very 
free flow of venous blood will indicate that 
the internal jugular vein has been entered. 
A Seldinger-type guide wire .o31 inch in 
diameter, 80 cm. long, is inserted through 
the needle and the needle withdrawn. By 
Seldinger technique a 60 cm. long, thin- 

walled, radiopaque polyethylene catheter 
(.05 ‘ach in outer diameter with a tapered, 
slightly curved tip) is inserted into the vein. 
Utilizing anteroposterior fluoroscopy with 
the patient in a reverse Stenvers’ position, 
the catheter is advanced into the posterior 
fossa with its tip directed medially and 
slightly anteriorly. As one maneuvers the 
catheter tip into the ostium of the inferior 
petrosal sinus, the patient usually experi- 
ences a slight pain in the ear. The diameter 
of the catheter closely approximates the 
diameter of the inferior petrosal sinus or the 
communicating vein connecting the inter- 
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nal jugular vein with the deep cervical 
plexus, so that usually only the tip of the 
catheter can be wedged into this vein. 

Frequently it is impossible to aspirate 
blood from the vein during the investiga- 
tion once the inferior petrosal sinus has 
been entered. At times 1t may be necessary 
to fluoroscope with a horizontal roentgen- 
ray beam or fluoroscope with the patient in 
the basal projection to avoid the tributaries 
to the internal jugular veins from the 
pterygoid plexus, and to direct the catheter 
tip into the inferior petrosal sinus. The 
location of the inferior petrosal sinus is 
determined by small Injections of 60 per 
cent meglumine diatrizoate in 2-3 cc. 1n- 
crements. The contrast material will be 
seen fluoroscopically to flow anterior into 
the region of the cavernous sinus, and oc- 
casionally into the orbital veins. 

Both sides are routinely catheterized in 
order to assure complete filling of the 
cavernous sinuses, and, 1f necessary, the 
orbital veins. Serial angiographic studies 
are made utilizing 5 roentgenograms in the 
anteroposterior, basal, and lateral projec- 
tions. The first roentgenogram of each 
series is the subtraction film and the re- 
maining 4 roentgenograms of each series 
are taken at the rate of 2 per second for 2 
seconds. When maneuvering the patient 
from the anteroposterior to the basal pro- 


jection, slight advancing pressure should 


be made on the catheter to prevent its 
being dislodged from the inferior petrosal 
sinus. 

After completion of the study the cathe- 
ters are removed and pressure maintained 
over the jugular vein for 2-3 minutes. The 
procedure is sufficiently simple that the 
study can be performed on an outpatient 
basis. 


RESULIS 


In the study of 57 patients with patho- 
logic lesions involving the cavernous sinus, 
47 (82 per cent) were clearly demonstrated 
roentgenographically. 

An analysis of the 10 failures is quite 1n- 
teresting, since 6 of the 10 had very large 
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pituitary tumors which extended supra- 
sellarly and laterally. In each instance the 
cavernous sinus was believed to be oc- 
cluded. In many instances we were able to 
get filling of the pterygoid plexus, as well as 
the prepontine venous plexus, without fill- 
ing of the cavernous sinus. There was 
nothing in the clinical history of these pa- 
tients to indicate a change in symptoma- 
tology due to occlusion of the cavernous 
sinus. 

Three patients, we believe, had Type IV 
inferior petrosal sinuses that drained di- 
rectly to the deep cervical venous plexus. 
One of these patients was an individual 
with a very large chromophobe adenoma. 
[t may be difficult to prove that a patient 
has a Type IV inferior petrosal sinus; how- 
ever, by injecting into one of the draining 
veins of the deep cervical plexus, reflux 
will occur occasionally part wav up the 
lateral margin of the dorsum in a channel 
having the appearance of inferior petrosal 
sinus. One patient was a technical failure. 
The catheters were initially placed in the 
inferior petrosal sinus, but later became 
dislodged. We were unable to re-position 
the catheter in the inferior petrosal sinus. 

Suprasellar extension of a pituitary 
tumor does not necessarily mean that a 
satisfactory cavernous sinus study is im- 
possible to obtain. Fourteen of our patients 
appeared to have suprasellar extension; of 
these, 8 were satisfactorily opacified. In 31 
patients without suprasellar extension, only 
2 failures occurred. These were due to 
Type IV inferior petrosal sinuses. 

The configuration of tumor growth could 
be clearly delineated in 40 of the pituitary 
tumors. Only to of the patients had a 
symmetric type of rounded enlargement of 
the tumor, while 30 showed an asymmetric 
lobulated type of growth (Fig. 2, .7 and B). 
Occasionally the tumors would grow only to 
one side or in one direction, either ante- 
riorly or posteriorly. More frequently the 
lesions would have a lobulated growth 
pattern extending anteriorly on one side, 
and either laterally or posteriorly on the 
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other. An attempt to estimate their direc- 
tion and extent of asymmetric growth is 
illustrated in Figure 3. 


i 


l'1G. 2. (4) Basal protection, with subtraction tech- 
nique, showing symmetric enlargement of the 
pituitary gland. The medial walls of the cavernous 
sinuses are displaced laterally. The anterior inter- 
communicating sinus 1s displaced forward. Ten 
patients in this series showed symmetric type of 
enlargement. (B) Unilateral extension of a chromo- 
phobe adenoma as shown in the basal projection 
with the subtraction technique. The medial wall of 
the left cavernous sinus is displaced laterally. The 
carotid arteries are seen as circular negative shad- 
ows In the cavernous sinuses. These vessels ap- 
pear relatively symmetric and would not reflect 
the true asymmetric enlargement of the pituitary 
gland. The anterior intercommunicating sinus has 
become compressed and does not fill. Thirty of the 
40 patients with pituitary lesions showed asym- 
metric type of growth. 
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COMPLICATIONS 

There was 1 complication in this series of 
100 patients. This patient had a totally oc- 
cluded cavernous sinus. Vigorous attempts 
were made to produce filling, which pre- 
sumably ruptured one of the pontine veins. 
The patient developed hiccup and a partial 
lateral medullary syndrome. On two oc- 
casions the contrast material extravasated 
from the inferior petrosal sinus to the extra- 
dural space. There were no adverse reac- 
tions and the patients experienced only a 
slight fullness of the head. This persisted 
for approximately one-half hour and the 
patients were then asymptomatic. 

A theoretic complication would be for the 
catheter to penetrate the dura. We have 
attempted to do this in postmortem ma- 
terial and could not succeed. At no time 
during the studies has this ever been re- 
motely considered to have occurred. 

DISCUSSION 

With recent advances in neurosurgical 
techniques, a detailed knowledge of pitui- 
tary growths becomes highly desirable. 
When cryosurgery’ or isotopic implants are 
utilized for pituitary ablation, knowledge of 
the extension of pituitary tumors and their 
relationship to the carotid artery and extra- 
ocular nerves becomes essential. More re- 
cently, with microsurgery and removal of 
the tuberculum sellae, the surgeon may 
more accurately plan the extent of exposure 
that would be required for complete pitui- 
tary removal.^ 

The technical approach to cavernous 
sinus venography is relatively simple. The 
jugular vein is an exceedingly large vein 
and easy to puncture, especially if the pa- 
tient is placed in a Trendelenburg position. 
Once the catheter has been inserted, two 
factors greatly assist in accomplishing 
placement of the catheter tip in the inferior 
petrosal sinus: 

1. A high quality image intensifier ca- 
pable of horizontal or vertical fluo- 
roscopy, such as a C arm x-ray ap- 
paratus. 
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Fic. 3. The sella turcica region viewed from above. 
The dots indicate the primary direction of growth 
when the tumor extended in an asymmetric fash- 
ion. Some of the lobulated tumors may be repre- 
sented by 2 primary directions of growth and 
hence, 2 dots. The 10 patients with a symmetric 
type of growth are not depicted on the illustration. 
Noattempt has been made to illustrate suprasellar 
extension in this diagram. 


The patient’s head and neck should 
stay in the same relative position they 
were in during the venous puncture. A 
common mistake is to allow the pa- 
tient to flex his chin, which causes the 
catheter to buckle at the point of en- 
trance into the jugular vein. This will 
retard maneuverability of the cathe- 
ter. The catheter tip can only be 
placed into the orifice of the inferior 
petrosal sinus for a distance of 2-3 
mm. Therefore, great care must be 
used in handling the patient so that 
the catheter does not become dis- 
lodged during the study. 


Subtraction technique*:® has been very 
helpful in clearly delineating the cavernous 
sinuses. It is not essential in well pene- 
trated roentgenograms. 

In our experience the jugular route has 
been the most reliable means of producing 
good opacification of the cavernous sinus. 
Contrast material can be made to flow into 
the cavernous sinus by injecting a frontal 
vein"? or the angular vein in the face, and 
compressing the anterior facial vein. We 
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Nic. 4. Basal projection, with subtraction technique 
showing a patient with nasopharyngeal carcinoma 
invading the base of the skull. A filling defect (—) 
is visible in the anterior portion of the left caver- 
nous sinus. The cavernous sinus is not totally oc- 
cluded, and there is still filling of the ophthalmic 
vein on the side of the tumor. The negative shadow 
of the carotid artery is displaced slightly lateral 
and posterior in this patient. 


consider this method a second choice if 
there is an anomaly of the inferior petrosal 
sinus. 

An interesting group of tumors to be in- 
vestigated are the invasive tumors about 
the base of the skull. T'umors of the para- 
nasal sinuses, or of the nasopharynx, will 
invade the floor and medial wall of the 
middle cranial fossa (Fig. 4). On venogra- 
phy, they frequently produce filling defects 
in the ipsilateral cavernous sinus. Four of 
our patients showed clear evidence of 
tumor invasion with defects in the opacified 
sinus. 

Aneurysms of the intracavernous portion 
of the carotid artery are usually diagnosed 
by carotid angiography. An occasional 
laminated clot in the wall of an aneurysm 
may obscure the true extent of the lesion. 
The outer limit of the wall of an aneurysm 
can be seen as a negative shadow in the 
opacified sinus. 
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CONCLUSION 


I. Cavernous sinus venography by the 
cavernous route offers a means of delineat- 
ing extensions of pituitary growth before 
the lesion has extended into the suprasellar 
region, as well as the lower half of the larger 
tumors that have extended suprasellarly. 

2. The cavernous sinus may become oc- 
cluded by large tumors with no clinical 
manifestations. 

3. The roentgenologic examination can 
be performed relatively easily if due cog- 
nizance is given to the anatomic variations 
of the inferior petrosal sinus. 

William N. Hanafee, M.D. 


Department of Radiology 
University of California, Los Angeles 


The Center for the Health Sciences 


Los Angeles, California goo24 
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CATHETER TECHNIQUES IN PEDIATRIC 
CEREBRAL ANGIOGRAPH Y* 


By THOMAS H. NEWTON, M.D., and CHARLES A. GOODING, M.D. 


SAN FRANCISCO, CALIFORNIA 


EREBRAL angiography is a valuable 

diagnostic procedure in the evaluation 
of intracranial disease. This technique has 
been somewhat neglected in children, how- 
ever, because of the difficulties attendant 
to puncture of the brachiocephalic vessels 
in the pediatric age group. For the past two 
vears, selective transfemoral catheteriza- 
tion of the vertebral and carotid arteries 
has been performed in all patients at the 
University of California Medical Center 
who underwent cerebral angiography. In 
the following report, our experience with 
this technique in the pediatric age group 1s 
reviewed. 


TECHNIQUE 


A general anesthetic is usually adminis- 
tered in infants and young children, but a 
local anesthetic may be employed in coop- 
erative older children. In children younger 
than 8 years, the femoral artery 1s punc- 
tured percutaneously with a 19 gauge thin- 
walled needle (inner diameter 0.71 mm .; 
outer diameter 1.09 mm.). A wire guide 
with an outer diameter of 0.025 inches 1s 
passed through the needle and by means of 
the Seldinger technique, a polyethylene 
catheter* is introduced. In older children, 
the technique is slightly altered in that an 
18 gauge thin-walled needle (inner diam- 
eter .096 mm.; outer diameter 1.27 mm.) 
and an opaque polyethylene cathetert 
(inner diameter .045 inches; outer diameter 
.o65 inches) are employed. In the newborn 
or neonatal period, percutaneous puncture 
of the femoral artery may be difficult. In 
these instances, the polyethylene catheter 
may be introduced after exposing the fe- 
moral artery surgically. 


* Becton Dickinson: RPX .037H (I.D. .037 inches, O.D. .054 
inches). 
+ Becton Dickinson: RPX .o45H. 


The tip of the catheter is slightly pre 
curved so that its distal centimeter is at 
a 45° angle. This angle enables the operator 
to change the position of the tip by rotating 
the catheter, thereby expediting selective 
catheterization of the internal and external 
carotid arteries as well as of the vertebral 
artery. After the catheter 1s advanced into 
the lower thoracic aorta, it is filled with 
contrast medium to enhance its visualiza- 
tion. Under fluoroscopic control, the tip of 
the catheter is then advanced into the de- 
sired position in the vertebral or in the 
internal or external carotid arteries. Usu- 
ally, advancement of the catheter into the 
left vertebral artery is not difficult since it 
is in direct line with the left subclavian 
artery and the aorta. To place the catheter 
into the carotid artery, the tip 1s maneu- 
vered into the ascending arch of the aorta 
and then slowly withdrawn, the tip point- 
ing cephalad. In most instances, no dif- 
ficulty is experienced in advancing the 
catheter into either the left or right com- 
mon carotid artery. Selective catheteriza- 
tion of the internal and external carotid 
arteries is facilitated by turning the head 
of the child to the side so that the prox- 
imal portions of these arteries are sepa- 
rated. By advancing the tip of the catheter 
and pointing it anteriorly, the external 
carotid artery will be entered, whereas 
pointing the tip posteriorly will allow entry 
into the internal carotid artery. Immediate 
injection of 1 to 2 cc. of contrast medium 
after entry of the catheter into a specific 
vessel is important to assure adequacy of 
blood flow, manifested by a rapid disap- 
pearance of the contrast medium. The 
amount of contrast medium injected de- 
pends on the age of the patient and the 
artery under study. For selective internal 
carotid or vertebral arteriography, 3 to 5 cc. 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
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of 60 per cent conray* or renografinf are 
employed. Usually, 3 to 4 cc. of contrast 
medium is sufficient for selective opacifica- 
tion of the external carotid artery and 4 to 
6 cc. for common carotid artery injections. 

serial roentgenograms are then obtained 
in the frontal and lateral projections, sup- 
plemented by special views as needed. The 
roentgen exposures preferably are obtained 
at the rate of 4 per second for the first 3 
seconds, followed by 2 per second for 2 
seconds, and 1 per second for 3 additional 
seconds. The injection of contrast medium 
is started shortly after the initiation of the 
roentgen exposures to obtain a preliminary 
roentgenogram for subtraction mask. To 
obtain satisfactory subtraction roentgeno- 
grams, complete immobilization of the head 
is essential. A single plane film changer is 
used and an interval of about 5 minutes 
allowed between injections. The contrast 
medium is injected as rapidly as possible 
with a Sana-Lokt hand-syringe. A mech- 
anical injector, however, although not es- 
sential, would be helpful to ensure unifor- 
mity of injection rates. 

The catheter must be flushed repeatedly 
to avoid the formation of thrombus within 
the catheter and possible embolization. A 
half-normal solution of heparinized saline 
(1,000 units for 250 cc.) is used for this 
purpose. 

RESULTS 

Seventy-six patients under the age of 13 
years underwent cerebral angiography bv 
the catheter technique during a 2 year 
period. The age of the patients in this 
group was evenly distributed (Table 1). 

Of the total of 76 patients examined, 7 
were studied on 2 separate occasions, I was 
studied 3 times, and another 4 times. In 
most instances, more than one vessel was 
studied per examination (Table 11). After 
introduction of the catheter into the aorta, 
opacification of the desired arteries was 
possible in each instance. In 2 patients, 


* Mallinckrodt Chemical Works. 
T Squibb. 
t Becton Dickinson. 
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TARLE J 


AGE DISTRIBUTION OF PEDIATRIC AGE PATIENTS 
HAVING CEREBRAL ANGIOGRAPHY BY 
CATHETER TECHNIQUE 





Age (vr.) No. of Patients 





20 
25 
L5 


a 10 day old girl and a 5 year old boy, the 
studies were not successful because of 
inability to enter the femoral artery per- 
cutaneously. In both instances, repetition 
of the angiographic study was not at- 
tempted and the diagnosis was made by 
other means. In one other patient, an 8 
month old girl, percutaneous puncture of 
the femoral artery was unsuccessful, but 
bilateral carotid arteriography was easily 
performed after introduction of the catheter 
into the surgically exposed femoral artery. 

A high proportion of the patients studied 
showed angiographic abnormalities, which 
are summarized in Table ri. 

No neurologic deficit resulted from the 
angiographic studies nor was there serious 
local complication from the femoral artery 
punctures. In 2 boys, 6 and 7 months old, 
both with cyanotic congenital heart disease 
associated with intracranial thrombosis, a 
loss of the pedal pulse and decreased skin 
temperature of the ipsilateral foot followed 
the study. These changes, however, were 
transient and no ischemic sequelae were 
evident. 


Tase II 


NUMBER OF VESSELS STUDIED PER EXAMINATION* 


(74 Patients Undergoing 86 Examinations) 











28 examinations 
40 examinations 
10 examinations 

8 examinations 


I vessel 

2 vessels 
3 vessels 
4 vessels 








* Catheterization was not successful in 2 patients. 
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DISCUSSION 


Cerebral angiography in the pediatric 
age group may be performed by means of 
several techniques. In most centers, either 
retrograde brachial or direct common caro- 
tid arteriography is employed. More pre- 
cise definition is obtained, however, when 
opacification is limited to a specific vascular 
bed. For this reason, we believe that the 
transfemoral catheter technique of selec- 
tive opacification of the internal and exter- 
nal carotid arteries, or of the vertebral 
artery, is the method of choice in pediatric 
cerebral angiography. The use of percu- 
taneous arterial catheterization in children 
has been advocated previously, but its use 
in cerebral angiography has not been 
stressed.?-* With this technique, the possi- 
bility of damage of extracranial vessels or 
of cervical hematoma, inherent in direct 
puncture techniques, is avoided.^? More- 
over, the transfemoral catheter technique 
permits selective opacification of all intra- 
cranial vessels with a single puncture of the 
femoral artery. Roentgenography in any 


desired position, that is difficult with the 
direct needle puncture technique, is fa- 
cilitated by employment of the catheter. 


Taare III 
ANGIOGRAPHIC DIAGNOSIS IN PEDIATRIC AGE GROUP 


(76 Patients Less Than 13 Years of Age) 





Negative 
Neoplasm* 
Supratentorial 
Infratentorial 
Vascular anomaly 
Vascular occlusion f 
Arterial 
Venous 
Atrophy or ventricular dilatation 
Other 


Unsuccessful 


Total 


ne 


* One patient had a suprasellar craniopharyngioma extending 
into the posterior fossa. 

+ One patient had occlusion of the middle cerebral artery and 
superior sagittal sinus. 
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The problems of anesthesia are simplified 
since the head and neck of the patient are 
freely accessible to the anesthesiologist. In 
most instances, percutaneous puncture of 
the femoral artery may be employed, but 
when this is difficult, the catheter may be 
introduced after surgical exposure of the 
vessel. The relative ease and safety of this 
technique have expanded the indications 
and usefulness of cerebral angiography in 
children at our institution. 


SUMMARY 


Transfemoral catheterization of the caro- 
tid and vertebral arteries is the method of 
choice in pediatric cerebral angiography. 
With the demonstrated relative ease of 
this procedure, cerebral angiography is now 
more frequently applied in the diagnosis of 
neurologic abnormalities in children. The 
catheter technique avoids the morbidity 
often associated with multiple vessel punc- 
tures of the cervical region and allows selec- 
tive opacification of a particular vascular 


bed. 


Thomas H. Newton, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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IHE ANGIOGRAPHIC DEMONSTRATION OF A *BRAIN 
STAIN” IN INFANTILE SUBDURAL HEMATOMA* 
By NORMAN E. LEEDS, M.D,f KENNETH SHULMAN, M.D.,f PATRICIA F. BORNS, M.D. t 
and JOHN W. HOPE, M.D.1 


PHILADELPHIA, PENNSYLVANIA 


N THE infant with a subdural fluid col- 

lection, needle puncture through the 
anterior fontanelle usually establishes the 
diagnosis and initiates therapy.* Cerebral 
angiography is of value to demonstrate the 
full extent and size of such fluid collec- 
tions,’ particularly in the infant with an 
enlarged head and craniocerebral dispro- 
portion. After fontanelle closure, cerebral 
angiography is the primary method of 
diagnosis as in the adult. This report calls 
attention to a "brain stain" which repre- 
sents opacification of the compressed brain 
in infants and young children with large 
subdural collections. The visualization of a 
"brain stain” and the causative pathophys- 
iology explain the severe brain damage 
produced by some subdural hematomas. 


MATERIAL AND METHODS 


During the past 2 years, angiographic 
diagnosis of subdural or epidural hematomas 
has been made in 12 patients at The 
Children’s Hospital of Philadelphia. A 
"brain stain” was observed in 4 of the 12 
children. These patients were 3 months, 
4 months, 11 months, and 18 months of age, 
and had large subdural hematomas ex- 
tending over the entire surface of the brain. 
The “brain stain" was observed in the 
frontal, parietal, and occipital regions, and 
did not involve the temporal lobe even 
though subdural fluid was found in the 
middle fossa. 

Percutaneous carotid angiography is per- 
formed under heavy sedation consisting of 
phenobarbital 8-10 mg./kg., chloropro- 
mazine 1 mg./kg., demerol 1 mg./kg., and 
atropine with supplemental doses of dem- 
erol given intravenously as needed during 


the procedure. A No. 20 thin walled 
Cournand needle is utilized for cannula- 
tion and a check roentgenogram of the 
neck is made with Polaroid film after the 
injection of 1—2 ml. of hypaque 50 per cent, 
to localize the needle tip. A bolus of 3-8 
ml. of the contrast material is injected in 
2 to I second with a Taveras injector at a 
pressure of 80 pounds per square inch. 
serial anteroposterior and lateral roent- 
genograms are obtained at 2 per second for 
2 seconds and 1 per second for 4 seconds. If 
there is an elevation of intracranial pres- 
sure, an additional 4 films are exposed. 
RESULTS 

In the patient with a subdural hema- 
toma, the angiographic changes include: 
(1) the displacement of arterial and venous 
branches from the inner table of the skull 
with occasional crowding of the arterial 
branches in the lateral projection (Fig. 1; 
2; and 6); (2) vasospasm (Fig. 1; and 2); 
(3) shift of the midline arteries and veins 
(Fig. 1); and (4) a "brain stain" (Fig. 3; 
4; and 7). The "brain stain" is a homo- 
geneous opacification of the cortex in the 
intermediate (capillary) and early venous 
phases of the angiogram. The clear space 
between the opacified brain and the inner 
table demonstrates the volume of fluid ac- 
cumulation. The “brain stain" is the result 
of cerebral compression with increased con- 
trast per unit volume and prolonged ve- 
nous outflow from the hemisphere. The 
latter is caused by a decrease in the num- 
ber of ascending superficial veins. The ab- 
sent veins have either been torn or com- 
pressed by the subdural hematoma and 
its membranes (Fig. 4; 8; and 9). Con- 


* From the Department of Radiology} and Division of Neurosurgery,t The Children's Hospital of Philadelphia and The University 


of Pennsylvania School of Medicine, Philadelphia, Pennsylvania. 
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Fic. 1. (L.M.) Left anteroposterior arterial phase. 
The convexity middle cerebral artery branches 
(arrows) are displaced away from the inner table 
(arrowheads) bilaterally, left more than right with 
a shift of the midline structures to the right. The 
left middle cerebral artery branches are decreased 
in caliber. Air is present in the subdural space 
from previous subdural taps. 


striction of veins by the inner and outer 
hematoma membranes, which were well 
developed in all cases in the present series 
with a “brain stain," was confirmed at the 
time of craniotomy. In 2 patients, the 
paucity of ascending superficial cerebral 
veins was due to compression and not tear- 
ing, since repeat studies, I and Il years 
later, demonstrated almost normal venous 
drainage from the superficial cortical sur- 
face (Fig. 5; 10; and 11). As the result of 
venous compression there is retrograde 
venous flow through the sylvian veins 


(Fig. 4; and 8). 


Fic. 2. (L.M.) Left lateral arterial phase. The dis- 
placement of anterior cerebral artery branches 
(arrows) away from the inner table (arrowhead) 
is seen. There is a diffuse narrowing of the middle 
cerebral artery branches. 


Fic. 3. (L.M.) Left lateral intermediate phase. A 
blush is observed defining the brain in the pos- 
terior frontal and parietal regions. The large size 
of the subdural hematoma can be appreciated by 
the interval between the “brain stain” (arrow) and 
the inner table (arrowhead). 


DISCUSSION 


There are at least three contributing 
factors in the pathogenesis of the "brain 
stain" in the childhood subdural hema- 
toma. First, in the infant, the membranous 
bone of the calvarium is thin, therefore 
allowing better visualization of contrast 
material within the brain. Second, the in- 
fant brain is thought to be softer because 
of its higher water content and hence more 
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Fic. 4. (L.M.) Left lateral venous phase. Normal 
frontal superficial convexity veins are observed. In 
the posterior frontal and parietal area there is a 


decrease in both the number and caliber of 
superior cortical veins. The brain stain persists 
and in the area of the stain the venous flow is 
retrograde rather than toward the convexity, 
with blood leaving the hemisphere by way of 
superficial sylvian veins (arrow). The superior 
sagittal sinus is in normal position. 
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Fic. 5. (L.M.) Left lateral venous phase, 13 years 
later. The venous outflow is more normal except 
in the parietal area where the veins are narrowed 
and retrograde venous filling is still observed. 
The calvarium has increased in thickness. 


easily compressed by the overlying sub- 
dural hematoma. The brain becomes, as it 
were, “miniaturized” with a greater den- 
sity of contrast material per unit volume 
of cerebral tissue. Third, the arteriovenous 
circulation time is lengthened. This pro- 
longation is due to a delay in the inter- 
mediate (capillary) and venous flow be- 
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Fic. 6. (J.G.) Lateral arterial phase. A crowding of 
arterial branches is observed with a clear space 
seen between the peripheral anterior and the 


middle cerebral arteries (arrows) and the inner 
table (arrowheads). 
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Fic. 7. (J.G.) Lateral intermediate phase. A “brain 
stain" is observed in all but the temporal region. 
A large avascular interval is observed between the 
"brain stain” (arrows) and the calvarium (arrow. 
heads). 


cause of increased intracranial pressure and 
venous compression. The finding of de- 
creased superficial cerebral draining veins 
Is unique in large infantile subdural collec- 
tions and is thought to result from the 
anatomic and physiologic factors men- 
tioned. Compression of these vessels with- 
out tearing occurs because the veins are 
thin walled and maintain an intraluminal 
pressure only slightly in excess of that 
within the subdural space. This applies 
particularly to the bridging veins of the 
frontal, parietal and occipital cortex which 
are fixed at two extremes, one on the cor- 
tical surface and the other at the sagittal 


Fic. 8. (J.G.) Lateral venous phase. Only a single 
large frontal superficial convexity vein is observed 
entering the sinus. A second posterior frontal vein 
terminates abruptly short of the sinus (small 
arrow) suggesting that it may have been occluded 
at this point. The remainder of the superficial 
venous drainage is retrograde into the superficial 
sylvian veins (large arrows). 
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sinus. Therefore, these veins must traverse 
the subdural space and fluid collection in 
addition to well developed inner and outer 
membranes surrounding the chronic sub- 
dural collection. The venous drainage of the 
temporal lobe is by way of the superficial 
sylvian veins. The location of these veins 
within the svlvian fissure protects them 
from compression and membrane constric- 
tion, and it is our impression, therefore, 
that there is no stain within the temporal 
lobe for this reason. 

The occurrence of cerebral compression 
with cortical opacification (“brain stain’) 
indicates poor vascular perfusion and may 
actually represent a state of cerebral de- 
privation. If this is so, the severe brain 
damage sometimes seen with subdural 
hematomas, even though there has been 
successful surgical removal, could be ex- 
plained. All of our patients manifesting a 
"brain stain" are mentally retarded in spite 
of surgical intervention. 


Fic. 9. (J.G.) Operative photograph showing oc- 
cipital craniocerebral disproportion with large 
subdural space and an interrupted bridging vein 
(arrow); (A) falx; (B) tentorium; and (C) oc- 
cipital pole. 


Angiographic Demonstration of a “Brain Stain" 


Fic. 10. (J.G.) Arterial phase. One year after drain- 
age of the subdural membrane, membrane re. 
moval, and shunting of the subdural space, the 
arterial branches are no longer crowded and reach 
the inner table. 


as bh. 

Fic. 11. (J.G.) Venous phase 1 year after treatment 
There is an almost normal appearance now except 
for retrograde venous flow in the posterior frontal 
and parietal region. 
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SUMMARY 


A “brain stain” of the frontal, parietal 
and occipital lobes has been observed in 4 
children with infantile subdural hema- 
tomas. 

This cortical opacification is the result of 
cerebral compression and a decrease in 
venous drainage from the compressed 


hemisphere. This stain defines the cranio- 
cerebral disproportion and indicates a poor 
prognosis for the preservation of intellect. 


Norman E. Leeds, M.D. 
Department of Radiology 
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The Children’s Hospital of Philadelphia 
18th and Bainbridge Streets 
Philadelphia, Pennsylvania 19146 
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ANGIOGRAPHIC SIGNS OF RUPTURE OF THE 
MIDDLE MENINGEAL ARTERY WITHOUT 
EPIDURAL HEMATOMA* 


REPORT OF 2 CASES 


By F. GALLIGIONI, M.D., R. BERNARDI, M.D.,f M. PELLONE, M.D., and G. IRACI, M.D. 


PADOVA, ITALY 


j; 
JA PREOPER (TIVE differential diag- 

nosis betwéén epidural and subdural 
post-traumatic jlilood collections is not 
always possible ‘on the basis of cerebral 
angiography alone, because in some cases 
there are no features suggesting unequivo- 
cally a subdural or an epidural hema- 
toma.!:?5.8 Furthermore, the two varieties 
of blood collections may coexist, thus show- 
ing on the angiographic films atypical blood 
vessel displacements which are difficult to 
interpret.?? 

Extravasation of the contrast medium 
from a ruptured meningeal vessel is com- 
monly considered as a definitive angio- 
graphic sign of epidural hematoma.*? The 
2 patients presented in this report seem, 
however, to prove that such an assumption 
may be misleading. 


REPORT OF CASES 


Case 1. B. B., a 40 year old alcoholic, was 
admitted because of progressive drowsiness, 
signs of intracranial hypertension and right 
hemiparesis. Four days prior to admission, he 
had sustained a direct injury to the left parieto- 
occipital area, followed by transitory symptoms 
of brain commotion. 

Upon neurologic examination, mild bilateral 
papilledema, a left dilated pupil and an ad- 
vanced hemiparesis were found. Skull roent- 
genograms showed a long and wide horizontal 
fracture line across the left parietal bone. 

On left common carotid angiography (Fig. 
1), a moderate shift of the anterior cerebral 
artery and a thin avascular crescent in the 
parieto-temporal area could be seen. Extravas- 
ation of contrast medium was evident in the 
parietal region, at the extremity of the poste- 
rior branch of the middle meningeal artery (Fig. 


14). Oblique views (Fig. 1, B and C) revealed 


a greater thickness of the avascular crescent in 
its posterior part; the middle meningeal artery 
and the extravasation of opaque medium were 
both flush with the inner surface of the skull. 

These findings allowed a roentgenologic pre- 
operative diagnosis of left parieto-occipital 
dural hematoma, which was confirmed at sur- 
gery. During the operation, the dura mater 
was found to present a tear at the fracture site, 
through which blood, still leaking from the 
injured meningeal vessel, was passing into the 
subdural space. The vessel was occluded and 
the dural tear was repaired. 

The postoperative course was uneventful and 
the patient was discharged in good condition. 


Case ir. P.D., a 44 year old man, had suf- 
fered a direct injury to the right fronto-tem- 
poral region, followed by transitory loss of con- 
sciousness. Thirty-six hours later, he slipped into 
a deep coma and was admitted to our Service. 

Upon examination, an initial papilledema, 
dilatation of the right pupil and left hemiplegia 
were found. Several fracture lines could be 
seen on plain skull roentgenograms, running 
across the right frontal and temporal bones. 

Right common carotid arteriography (Fig. 
2, 4 and B) was performed. This showed a 
low temporal avascular area and a large extra- 
vasation of the opaque medium from the an- 
terior branch of the middle meningeal artery 
present already in the arterial phase but spread- 
ing out further in the capillary phase. The 
stain was flush with the inner surface of the 
temporal squama in the anteroposterior view. 

The patient's condition was deteriorating 
rapidly and demanded immediate surgery, 
even before completion of the angiographic ex- 
amination with the appropriate oblique ex- 
posures. The preoperative roentgenologic diag- 
nosis was that of temporal epidural hematoma 
and frontal intracerebral hematoma. 

At surgery, a large intracerebral hematoma 


* From the Institutes of Neurosurgery and Radiology,t University of Padova, Italy. 
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Fic. 1. Case 1. (4) Left common carotid angiogram. (B and C) Oblique views. 


of the frontal lobe was found and evacuated. 
There was no epidural blood collection, but 
rather a temporal subdural hematoma with 
laceration of the temporal lobe. Blood, still 
spurting from a partially torn middle menin- 
geal vessel, was passing into the subdural space 
through a tear in the dura at the fracture site. 
Partial resection of the lacerated temporal lobe 
was necessary; the hematoma was evacuated 
and the torn vessel was clipped off and coagu- 
lated. 

There were no complications during the post- 
operative course and the patient was discharged 
in good condition. 


DISCUSSION 


Both cases were patients who had sus- 
tained a direct head injury and who, after 
a transitory brain commotion, developed a 
fairly abrupt deterioration in the clinical 
status. Both presented linear skull fractures 
crossing the markings of meningeal vessels, 
signs of intracranial hypertension due to an 
expanding blood collection, and extravasa- 
tion of contrast medium at the point of in- 
tersection of the fracture line with a 
meningeal vessel. 

The roentgenologic findings of these 2 





Rupture of Middle Meningeal Artery 


Fic. 2. Case u. (4 and B) Right common carotid arteriograms. 


cases would have undoubtedly been highly 
suggestive of an epidural hematoma. How- 
ever, in the first patient the correct diagno- 
sis of subdural hematoma could be made 
when the oblique views demonstrated the 
position of the meningeal vessel and of the 
contrast medium flush with the inner table 
of the skull on one side and with the avas- 
cular area on the other side. In the second 
patient, this detail could not be studied 
adequately with oblique views and the 
exact localization of the hematoma was 
thus missed. This is a further confirmation 
of the usefulness of oblique projections in 
the angiographic investigation of such 
cases.” 

In both patients, blood collections were 
present in the subdural space, even though 
an extravasation of contrast medium from 
the meningeal artery—a sign commonly 
considered as positive evidence of an epi- 
dural hematoma—could be seen. 


The reasons why a tear in the wall of a 
meningeal vessel, producing at angiography 
of the common carotid artery the image of 
extravasation of contrast medium, should 
in some cases give origin to a subdural 
rather than to an epidural hematoma, may 
be various. In the first place, the subdural 
hematoma (as in our second case) could 
have originated from the temporal lobe 
laceration, with the leaking of blood from 
the severed meningeal vessel through the 
dural tear as a contributing, but not as its 
main determinant, cause. In the second 
place, the localization of the hematoma can 
depend on whether the partial tear of the 
meningeal artery is located on the inner 
or on the outer surface of the dura."' 
Finally, the pathologic expansion of the 
intrameningeal contents, due to intra- 
cerebral or subdural hematomas and/or 
brain edema, following head injuries may 
exert an outward “tamponade” effect, pre- 
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venting the additional formation of an 
epidural blood collection, even when an 
_ interruption of the wall of a meningeal 
artery Is present and angiographically 
demonstrated. We believe that the clinical 
history of both cases—a fairly abrupt de- 
terioration in the neurologic status follow- 
ing remission of a transitory brain commo- 
tion—can be well explained on these 
grounds. 

In conclusion, we feel that an extravasa- 
tion of contrast medium from rupture of 
the middle meningeal artery does not 
necessarily indicate an epidural hematoma, 
since it may be found also in cases of other 
post-traumatic blood collections. A diagno- 
sis of epidural hematoma should not, there- 
fore, be made solely on the basis of such a 
hnding, but should be established upon 
evaluation of all available data, especially 
those deriving from the clinical history and 
from the neurologic examination of the 
patient. 


SUMMARY 


Two cases of subdural hematoma, in 
which carotid angiography has demon- 
strated an extravasation of contrast medi- 
um, as usually seen in epidural hematomas, 
are reported. 

The significance of such an angiographic 
sigh Is discussed. 
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Giorgio Traci, M.D. 
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KINKING OF THE SUPRACLINOID SEGMENT OF THE 
INTERNAL CAROTID ARTERY OVER NEIGHBORING 
ANATOMIC STRUCTURES IN ACUTE AND SUB- 
ACUTE INTRACRANIAL MASS LESIONS* 


By JORGEN STOVRING, M.D. 


BOSTON, MASSACHUS ETTS 


ANATOMY 


T THE level of the anterior clinoid 
process the internal carotid artery 
emerges from the dural compartment of the 
cavernous sinus and enters the free cranial 
cavity. Thus, while the initial part of the 
supraclinoid segment of the internal carotid 
artery is attached to the dura, the more 
distal part is mobile and is easily displaced 
by intracranial mass lesions. The displace- 
ment may be due either to a local mass in 
the suprasellar or parasellar regions acting 
directly on the internal carotid artery, or 
to a distant space-occupying lesion which 
produces primarily a displacement of the 
brain and secondarily a displacement of the 
internal carotid artery, the upper end of 
which is attached to the brain through the 
anterior and middle cerebral arteries. If 
the displacement is severe, the supraclinoid 
segment of the internal carotid artery may 
become kinked over neighboring anatomic 
structures with resulting compression and 
narrowing of the lumen. 

As the internal carotid artery emerges 
from the inner layer of the dura and enters 
the cranial cavity, it passes between the 
optic nerve and chiasm on the medial side 
and the anterior clinoid process on the lat- 
eral side. Also, lateral to the artery is the 
sharp margin of the rigid clinotentorial 
ligament, the attachment of the tentorium 
to the anterior clinoid process (Fig. 1). The 
distal part of the supraclinoid segment 1s 
located above and somewhat lateral to the 
posterior clinoid process. 

Medial displacement of the internal 
carotid artery resulting in kinking over the 
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Fic. 1. Anatomy of the suprasellar region: (1) an 
terior clinoid process; (2) supraclinoid segment of 
internal carotid artery; (3) optic nerve; (4) optic 
chiasm; (5) tuberculum sellae; (6) dorsum sellae; 
(7) inner layer of dura forming diaphragma sellae; 
and (8) the clinotentorial ligament, the attach- 
ment of tentorium to anterior clinoid process. 


optic nerve or chiasm was reported by 
Welch and Craigmile? in 1963. In lateral 
displacement the artery may become angu- 
lated over the anterior clinoid process or 
the clinotentorial ligament; this compres- 
sion of the internal carotid artery against 
the anterior clinoid process was discussed 
by Heiskanen! in 1964 as a possible factor, 
in some cases, in the development of cere- 
bral circulatory arrest or ““pseudo-occlusion 
occurring in acutely raised intracranial 
pressure.” 

A third mechanism, by which the supra- 
clinoid segment of the internal carotid ar- 
tery may be angulated over an anatomic 


* From the Department of Radiology, Massachusetts General Hospital, Boston, Massachusetts. 
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structure, is by kinking over the superior 
edge of the dorsum sellae, which can occur 
with medial displacement and depression 
of the artery. 

Over a 3 year period at the Massachu- 
setts General Hospital, in a material of 
approximately 3,000 cerebral arteriogra- 
phies, § cases were observed of kinking of 
the supraclinoid segment of the internal 
carotid artery over neighboring anatomic 
structures in acute and subacute intracra- 
nial mass lesions; 3 of these represented 
angulation of the arterv over the dorsum 
sellae, while 2 cases showed kinking over 
the anterior clinoid process. 

Thelocal indentation in the artery due to 
kinking has to be differentiated from other 
processes that may narrow the artery, such 
as an arteriosclerotic plaque, local spasm, 
arteritis, and infiltration or compression by 
adjacent tumor, 


REPORT OF CASES 


CASE I. F. K. 1341101. This 70 year old man 
while crossing a street fell and struck his head. 
He was unconscious following the fall and was 
immediately brought to the hospital. On ad- 
mission he was comatose with dilated pupils, 
had bilateral extensor plantar response, and 
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reacted to pinching with decerebrate posturing 
of the arms. His blood pressure was 270/100 
and pulse 80 per minute. A left carotid angio- 
gram showed cerebral circulatory arrest with 
no contrast material filling beyond the main 
trunks of the anterior and middle cerebral 
arteries. On serial angiography, no contrast 
was seen in the branches of the cerebral arter- 
ies. After the intravenous administration of 
urea, the cerebral circulation was improved on 
repeated angiography, and a large extracere- 
bral collection with a thickness of 2.5 cm. was 
seen over the left temporal-parietal convexity 
(Fig. 2.7). The supraclinoid siphon was grossly 
displaced medially and markedly depressed, so 
that the upper margin of the dorsum sellae 
indented the posterior wall of the artery (Fig. 
25). There was a marked shift of midline vessels 
to the right and angiographic evidence of 
tentorial herniation. 

At surgery a large subdural hematoma was 
removed, but the patient remained comatose 
and died 7 days after admission. 

Autopsy demonstrated changes secondary to 
the operated subdural hematoma, uncal hernia- 
tion, and anoxic cerebral damage. 


Case 11. L. C. 1439653. This 78 year old man 
was brought to the Emergency Ward because 
of unconsciousness following a fall from a 
ladder. Initially, he moved all 4 extremities but 


FIG. 2. Case 1. Large traumatic acute subdural hematoma with kinking of the internal carotid artery over the 
dorsum sellae. (/7) Frontal view demonstrating large temporal-parietal extracerebral collection with 
marked shift of pericallosal artery and medial displacement of the supraclinoid segment of the internal 
carotid artery. (B) Lateral view showing depression of the supraclinoid segment of the internal carotid 
artery, so that the upper margin of the dorsum sellae has indented the artery (arrow). Depression of the 
sylvian vessels is noted here as well as in the frontal projection. 
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soon developed signs of decerebration. His 
blood pressure was 200/80 and his pulse 80 per 
minute. There was Cheyne-Stokes' respiration 
and dilated pupils. Skull roentgenography re- 
vealed a long horizontal linear fracture of the 
left side of the calvarium. Left carotid angiog- 
raphy showed almost "pseudo-occlusion" of 
the internal carotid artery with the contrast 
material slowly creeping up into the carotid 
siphon after 4 seconds. Later roentgenograms 
in the series demonstrated a large left-sided 
temporal-parietal extracerebral collection, ap- 
parently associated with some swelling of the 
left hemisphere. The supraclinoid segment of 
the internal carotid artery was depressed and 
compressed against the superior margin of the 
dorsum sellae. 

A bifrontal craniotomy revealed bilateral 
cerebral contusion with cortical laceration, 
an epidural hematoma on the left side, and a 
subdural hematoma on the right. Ten minutes 
after the operation, the patient developed ven- 
tricular fibrillation and died. 


Case mt. L. G. 0523621. This 40 year old 
woman with hypertension of several years’ 
duration had sudden onset of retro-orbital pain. 
On admission she was alert. The right pupil was 
dilated and there was weakness of adduction of 
her right eye but, otherwise, no neurologic 
deficits. Her neck was stiff, and a lumbar punc- 
ture revealed bloody cerebrospinal fluid. 
Shortly after admission, she showed signs of 
tentorial herniation with rapid development of 
unresponsiveness, bilateral pupillary dilatation, 
decerebrate posturing, and cessation of respira- 
tion. 

She was given mannitol and urea intrave- 
nously. Right carotid angiography (Fig. 3, 7 and 
B) demonstrated a saccular aneurysm of the 
right posterior communicating artery combined 
with a very large subdural hematoma that was 
located over the right temporal-parietal con- 
vexity and underneath the temporal lobe. The 
supraclinoid portion of the internal carotid 
artery was medially displaced, depressed and 
kinked over the superior edge of the dorsum 
sellae. 

Immediately following the angiography, cra- 
niotomy was performed with removal of the 
subdural hematoma and, because of brain 
swelling, the temporal lobe was resected. Her 
condition improved slightly after the operation 
with movement of all 4 extremities on painful 


Kinking of the Internal Carotid Artery 


stimuli; however, she remained comatose and 
died 48 hours after the onset. Autopsy could 
not be obtained. 


Case 1v. G. S. 1445075. This 47 year old 
woman presented with an unusual case of sub- 
acute hematoma in the left optic nerve. She 
had a 5 week history of frontal headache and a 
gradual loss of vision, which started with a 
blurring of vision in the left eye and progressed 
to total loss of vision in the left eye and tem- 
poral half of the right visual field, while vision 
in the nasal half of the right visual field was re- 
duced to finger counting. The patient was 
otherwise neurologically unaffected. 

Left carotid angiography (Fig. 4, 4 and B) 
showed evidence of a nonvascularized supra- 
sellar mass lesion with a size of about 2X2.5 
cm. The lesion caused a stretching and eleva. 
tion of the horizontal segment of the left ante- 
rior cerebral artery. The supraclinoid segment 
of the internal carotid artery was elevated and 
laterally displaced and compressed against the 
anterior clinoid process, or rather against the 
clinotentorial ligament, which produced a mild 
indentation in the lateral contour of the artery. 

At craniotomy the left optic nerve adjacent 
to the chiasm was found to be grossly swollen, 
about 4 to 5 times its normal caliber; a small 
incision was made in it, and several large 
pieces of hematoma could be removed, leaving 
a rather substantial cavity in the optic nerve. 
No tumor or abnormal vasculature was ob- 
served. A small biopsy taken from the optic 
nerve showed organized hematoma. 

On follow-up examination 3 months later, 
she had improved slightly with a return of light 
perception in the left eye, while vision in the 
right eye was unchanged. 


Case v. R. S. 1019754. This 58 year old 
woman had been hypertensive for years. On 
the day of admission, she gradually developed 
aphasia and right hemiparesis. Skull roent- 
genography showed the calcified pineal shifted 
to the right. 

Shortly after admission, she became unre- 
sponsive with decerebrate posturing and dilated 
pupils. No carotid angiography was done at 
this time but, based on the roentgenologic find- 
ing of pineal shift, she was immediately taken 
to the operating room. A left temporal craniot- 
omy was performed which revealed a putaminal 
hemorrhage with the hematoma extending into 
the temporal lobe and angular gyrus region. At 
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lic. 3. Case m. Large acute subdural hematoma 
secondary to hemorrhage from a saccular an- 
eurysm. Kinking of the supraclinoid segment of the 
internal carotid artery over the dorsum sellae. (4) 
l'rontal view demonstrating a large extracerebral 
collection over the temporal-parietal convexity 
and underneath the temporal lobe and marked 
medial displacement of the supraclinoid segment 
of the internal carotid artery (lower arrow). (B) 
Lateral view showing depression of the supra- 
clinoid segment of the internal carotid artery, 
which is markedly narrowed due to kinking over 
the dorsum sellae; uneven distribution of contrast 
medium in a posterior communicating artery 


aneurysm (vertical arrows); and extravasation of 
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l'1G. 4. Case 1v. Subacute hematoma: in the left 


optic nerve causing kinking of the internal carotid 
artery over the anterior clinoid process and clino- 
tentorial ligament. (4) Frontal view demonstrating 
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the presence of a suprasellar space-occupyin 
lesion with elevation and stretching of the hori- 
zontal segment of the anterior cerebral artery and 
compression of the internal carotid artery against 
the anterior clinoid process (arrow). (B) It is inter- 
esting to note in the lateral projection that the 
point of maximal indentation in the internal 
carotid artery, as judged by the area of relative 
translucency in the artery (arrow), is just behind 
the tip of the anterior clinoid process, indicating 
that the kinking really occurred over the clino- 
tentorial ligament. An infundibular widening is 
noted at the origin of the posterior communicating 
artery. 


contrast material from the aneurysm to the pre- 
pontine cistern (oblique arrow) 
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least so cc. of hematoma was removed, part of 
this being a solid clot, which extended into the 
atrium of the ventricle. 

Postoperatively, she remained decerebrate, 
without spontaneous respiration, and died on 
the eighth hospital day. 

Left carotid angiography 3 days after the 
craniotomy demonstrated cerebral circulatory 
arrest; a roentgenogram taken 20 seconds after 
the contrast medium injection (Fig. 5) showed 
that the contrast material had eventually ad- 
vanced to fill the supraclinoid portion of the 
internal carotid artery and the adjacent part 
of the anterior and middle cerebral arteries; 
no opacification was seen of the branches of the 
cerebral arteries. The internal carotid artery 
was kinked over the anterior clinoid process 
which, however, produced only a minimal nar- 
rowing, obviously not the principal cause of the 
cerebral circulatory disturbance. 


Fic. 5. Case v. Hypertensive intracerebral hemor- 
rhage with kinking of the internal carotid artery 
over the anterior clinoid process. Carotid angiog- 
raphy in this patient, who has a massive hemor- 
rhage in the left putamen and adjacent white 
matter, demonstrates cerebral circulatory arrest 
with no visible contrast medium filling of the 
branches of the cerebral arteries. A roentgenogram 
taken 20 seconds after the contrast medium injec- 
tion shows that the contrast material at this time 
has eventually advanced to fill the upper part of 
the internal carotid artery and the adjacent part of 
the anterior and middle cerebral arteries. The 
supraclinoid segment of the internal carotid artery 
is kinked over the anterior clinoid process (arrow) 
which, however, produces only a mild narrowing of 
the artery, obviously not the cause of the cerebral 
circulatory arrest. 
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Autopsy demonstrated intracerebral hemor 
rhage in the left putamen and adjacent white 
matter, bilateral uncal herniation with brain 
stem compression and hemorrhage, and severe 
anoxic encephalopathy. 

DISCUSSION 
PROGNOSTIC SIGNIFICANCE 

Kinking of the supraclinoid segment of 
the internal carotid artery in acute and 
subacute intracranial mass lesions is a 
roentgenologic finding of considerable prog- 
nostic importance. It indicates, apart from 
the few cases that are due to a local rela- 
tively small mass (Case 1v), a marked dıs- 
placement of intracranial structures usually 
with tentorial and/or severe subfalcial 
herniation and in the majority of cases with 
a fatal outcome. In Welch and Craigmile's 
8 cases of angulation of the internal carotid 
artery over the optic nerve only 3 survived," 
while in the material presented here the 
mortality was 4 out of 5. 

Of the 4 fatal cases presented here, 1 was 
due to an apoplectic intracerebral hemor- 
rhage, and 3 were related to large acute 
extracerebral hematomas, which were trau- 
matic in 2 cases, while a large subdural 
hematoma in 1 case was the result of hem- 
orrhage from a saccular aneurysm. The 
occurrence of subdural hematoma in aneu- 
rysmal hemorrhage is a well-recognized 
phenomenon, the incidence of which is in 
the order of 1-2 per cent.’ 


INFARCTION PRODUCED BY COMPRESSION 
OF ARTERIES 

It is generally accepted among neuro- 
pathologists that displacement from acute 
space-occupying lesions can produce com- 
pression of brain arteries and certain brain 
areas against edged, firm intracranial 
structures, either osseous or dural, includ- 
ing the falx and tentorium.?? At postmor- 
tem examinations pressure grooves are 
found in various locations depending on 
the direction of the displacement. Typical 
sites for the pressure marks are: (1) the 
hippocampal gyrus and the uncus in ten- 
torial herniation, which may be accom- 
panied by compression of the posterior cere- 
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bral artery or branches of this artery; (2) 
the cingulate gyrus opposite the m: irgin of 
the falx in subfalcial herniation with pos- 
sible compression of anterior cerebral artery 
branches as they cross the falcial edge; 

(3) superior surface of cerebellum with 
potential compression of superior cerebel- 
lar arteries in ascending tentorial hernia- 
tion; (4) pressure grooves across cerebellar 
toneis] in foramen magnum herniation with 
possibility of posterior inferior cerebellar 
artery compression; and (5) compression of 
orbital gyri and the fronto-orbital artery, 
when the inferior surface of the frontal lobe 
is depressed against the sphenoid ridge. 

In some autopsied cases there may be 
doubt as to whether pressure grooves repre- 
sent postmortem artifacts. However, hem- 
orrhages and necroses in pressure grooves 
are clearly an indication of a premortal 
reaction. Also, when infarction is found in 
the area of distribution of a compressed 
artery, this indicates that arterial compres- 
sion was present during life. The most com- 
mon location for such infarction is in the 


territory of the posterior cerebral artery 


secondary to tentorial herniation, which 
was first reported by Meyer? in 1920. 

Infarction due to acutely occurring kink- 
ing and compression of the supraclinoid 
segment of the internal carotid artery is 
rare. Among his 
compression of brain arteries, Lindenberg? 
reported only 1 case, an 18 month old child 
with toxic brain swelling secondary to 
pneumonia accompanied by high fever 
and unconsciousness. At autopsy, fresh 
infarction was seen bilaterally in the terri- 
tory of the anterior and middle cerebral 
arteries; the internal carotid arteries were 
firmly compressed against the skull base 
but showed no intrinsic occlusion; those 
portions of the brain supplied by the verte- 
bral-basilar circulation were intact. 

No examples of infarction resulting from 
compression of the internal carotid artery 


were seen in the present material. In 4 of 


the 5 cases kinking was too mild to indicate 
a significant interference with the blood 
flow. In 1 patient (Case 111; Fig. 3, 7 and B) 


250 autopsied cases of 
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the compression was quite marked with 
the width of the lumen reduced to 1 mm. 
in the lateral projection, but it was never 
known whether infarction was produced by 
this, since autopsy could not be obtained. 

in one of Welch and Craigmile's cases? 
compression of the internal carotid artery 
progressed, during the arteriography, to 
complete occlusion; the severe kinking of 
the artery over the optic nerve was con- 
firmed at autopsy, but the report did not 
mention if infarction was present. 

Whether kinking of the supraclinoid seg- 
ment of the internal carotid artery will 
cause infarction in a given case depends, of 
course, not only on the degree of arterial 
compression but also on other related fac- 
tors, including the efficiency of collaterals, 
changes in blood pressure, and changes in 
intracranial pressure. 


RELATIONSHIP OF KINKING TO CEREBRAL 
CIRCULATORY ARREST 

erebral circulatory arrest or 
occlusion” of the internal carotid artery in 
raised intracranial pressure is charac- 
terized by the following features: (1) At 
angiography a normal filling of the external 
carotid artery and its branches is seen. (2) 
The flow in the internal carotid artery is 
bilaterally very stagnant with a tapering 
column of contrast material slowly creeping 
up along the posterior wall due to layering. 
Intracranial filling may be completely ab- 
sent, but delayed roentgenograms up to 
I 5$—20 seconds after the injection often show 
contrast medium in the siphon, sometimes 
even with a faint filling of the anterior and 
middle cerebral artery. (3) In those few 
cases of cerebral circulatory arrest in which 
vertebral angiography has been performed, 
the contrast material usually reaches no 
higher than the atlanto-occipital border. 
(4) Clinically, the patients are deeply 
comatose, usually with dilated nonreactive 
pupils and other signs of tentorial hernia- 
tion; often there is a cessation of sponta- 
neous respiration, so that the patient must 
be kept on a respirator, and vasopressor 
substances are often necessary to maintain 
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VoL. 104, No. I 
blood pressure. The outcome is almost 
invariably fatal. (5) Reduction of the raised 
intracranial pressure by ventricular punc- 
ture or other measures improves the intra- 
cranial circulation, and it is now a widely 
accepted fact that cerebral circulatory ar- 
rest is due to increased cerebrovascular 
resistance secondary to markedly raised 
intracranial pressure. ** 

Two of the patients in the present ma- 
terial (Cases 1 and v) had cerebral circula- 
tory arrest. In Case 1 angiography demon- 
strated improvement in the cerebral cir- 
culation after intravenous administration 
of mannitol and urea to reduce the raised 
intracranial pressure. At angiography in 
both of these cases, the kinking of the 
internal carotid artery produced only a 
mild narrowing of the arterial lumen, ob- 
viously not the principal cause of the cir- 
culatory disturbance. In 4 other cases of 
cerebral circulatory arrest seen at the 
Massachusetts General Hospital during 
the same 3 year period, failure of the con- 
trast material to ascend to the supraclinoid 
segment of the internal carotid artery pre- 
cluded an evaluation of whether this was 
kinked or not. 

Whenever, in acute intracranial mass 
lesions, a “pseudo-occlusion” is found in 
the internal carotid artery on one side 
only, while contralateral carotid angiog- 
raphy shows good intracranial filling, 
as was seen in a case of Pribram,” a true 
cerebral circulatory arrest is excluded, and 
compression due to kinking of the supra- 
clinoid siphon should be considered in the 
differential diagnosis as a possible cause of 
the occlusion or pseudo-occlusion. Prib- 
ram’s case was a 42 year old man with 
pseudo-occlusion in the left internal carotid 
artery, but with good intracranial contrast 
medium filling on right carotid arteriog- 
raphy demonstrating a vascular malforma- 
tion with an intracerebral hematoma and 
shift of midline vessels to the left. The 
patient was not comatose and had no pupil- 
lary dilatation or any other of the clinical 
signs that accompany cerebral circulatory 
arrest. 
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SUMMARY 


The supraclinoid segment of the internal 
carotid artery is easily displaced by intra- 
cranial space-occupying lesions. When the 
displacement is marked, the artery may 
become kinked over neighboring anatomic 
structures. Previous reports have been 
made of compression against the anterior 
clinoid process in lateral displacement of 
the artery, and of kinking over the optic 
nerve in medial displacement of the artery. 
The present report, in addition, demon- 
strates compression of the internal carotid 
artery against the upper margin of the 
dorsum sellae occurring when the supra- 
clinoid siphon is medially displaced and 
depressed. 

When this kinking occurs in acute hem- 
orrhagic and traumatic intracranial mass 
lesions, it signifies a severe displacement of 
intracranial structures, usually with ten- 
torial or marked subfalcial herniation, and 
with a fatal outcome in a majority of the 
cases. 

Rarely, the kinking will produce arterial 
compression severe enough to cause infarc- 
tion in the internal carotid artery terri- 
tory. 

Kinking of the supraclinoid segment of 
the internal carotid artery does not seem 
to be the cause of cerebral circulatory 
arrest. However, since both of these condi- 
tions occur in acute traumatic and hem- 
orrhagic intracranial mass lesions, they may 
be expected quite often to be present simul- 
taneously. This was noted in 2 of the cases 
reported here, and may summate to pro- 
duce the circulatory impairment. 


Department of Radiology 
Beth Israel and Peter Bent Brigham Hospitals 
Boston, Massachusetts 02115 
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TOTAL VISUALIZATION OF INTRACRANIAL ARTERIAL 
CIRCULATION FOLLOWING UNILATERAL CA- 
ROTID ANGIOGRAPHY IN A PATIENT WITH 
RUPTURED POSTERIOR CEREBRAL 
ARTERY ANEURYSM* 


A CASE REPOKT 


By K. K. JAIN, F.R.C.S.(C), F.IL.C.S,Tt E. ROBERTSON, M.D.,f and J. E. POLLAK, M.D.$ 


NORTH VANCOUVER, B. 


ARIOUS circulatory disturbances can 

occur in association with rupture of 
intracranial arterial aneurysms. The non- 
filling of intracranial arteries due to ele- 
vated intracranial pressure has been well 
documented.'?? The following case report 
illustrates an unusual phenomenon. 


REPORT OF A CASE 


W. W., 188706, a 12 year old girl, was ad- 
mitted to the Emergency Department at Lions 
Gate Hospital on February 24, 1967. According 
to the parents she had complained of severe 
right temporal headaches for the past 6 weeks. 
There was no history of any trauma or serious 
illness in the past. She had no emotional prob- 
lems. One week prior to admission she was seen 
by her family physician who found no neuro- 
logic abnormality. No further investigations 
were done and she continued to attend school. 

On the day of admission at 10:35 A.M., she 
collapsed at school while skipping rope. She 
had respiratory arrest and artificial mouth-to- 
mouth respiration was performed by a physi- 
cian on the spot, and the patient was trans- 
ferred to the hospital by ambulance. At 10:55 
A.M. the findings on physical examination were: 


1. The patient was comatose without spon- 
taneous respirations. She was on a Bird- 
respirator. 

. There was no response to painful stimuli. 

. Both pupils were fixed and dilated. The 
fundi were normal. 

. Blood pressure was 90/70 and pulse 80/ 
min. 

s. There were abrasions over the left side of 


forehead. 


C., CANADA 


The patient was suspected to have suffered 
from a ruptured intracranial aneurysm and at 
11:15 A.M. the right brachial artery was cathe- 
terized. With the tip of the catheter in the sub- 
clavian artery 2 injections of 60 per cent reno- 
grafin of 20 cc. each were made under manual 
pressure. A series of lateral and anteroposterior 
roentgenograms were taken with the Sanchez- 
Perez cassette changer, using 6 films at 1 second 
intervals following each injection. The roent- 
genograms showed good filling of the internal 
carotid and vertebral arteries in the neck on the 
right side (Fig. 1, 4 and B), but no filling of in- 
tracranial vessels. An opacity was seen in the 
right posterior temporal region which was 
thought to be a partially opacified aneurysmal 
sac. At 11:45 A.M. a direct percutaneous punc- 
ture of the right internal carotid artery was 
done with a No. 18 Cournand needle and 2 in- 
jections of 6 cc. each of 60 per cent renografin 
were made. Repeat roentgenograms were taken 
using the same technique as following the 
brachial catheterization. There was total visu- 
alization of the intracranial arteries with a large 
saccular aneurysm on the right posterior cere- 
bral artery (Fig. 2, 4 and B). The condition of 
the patient remained unchanged during angiog- 
raphy. Blood pressure at termination of the 
procedure was 100/70 and pulse 70/min. Tem- 
perature was 94? F. rectally. Electrocardiog- 
raphy showed inversion of T-wave and eleva- 
tion of S-T segment. The changes were con- 
sidered suggestive of acute myocardial damage. 
She expired from cardiac arrest at 10:58 P.M., 
February 25, approximately 36 hours following 
admission. 

An autopsy was performed and the following 
observations were made on examination of the 
brain: 


* From the Departments of Neurosurgery,} Pathology,t and Radiology,§ The Lions Gate Hospital, North Vancouver, B. C., Canada. 
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lic. 1. (4) Anteroposterior and (B) lateral angiograms 
demonstrate good filling of the internal carotid and 
vertebral arteries in the neck on the right side but no 
filling of intracranial vessels. There is an opacity in 
the right posterior temporal region, thought to be a 
partially opacified aneurysmal sac. 


1. Massive subarachnoid hemorrhage. pointing towards the brain stem. The right 
2. Cerebral edema with flattening of the gyri. posterior cerebral artery was found to be 
3. An aneurysm (Fig. 3) projecting at the entering and leaving the aneurysmal sac. 
base between the right temporal lobe and On histologic section the aneurysm was 
the brain stem. It measured 1.5 cm.X3 filled with a postmortem blood clot. 
cm. and the site of rupture was identified . There was compression and distortion of 


ic. 2. (4) Anteroposterior and (B) lateral angiograms 
taken 30 minutes after Figure 1 show total visualiza- 
tion of the intracranial arteries and a large saccular 
aneurysm on the right posterior cerebral artery. 
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the mid brain but no hemorrhage into the 
brain stem. 

. After removal of the aneurysm there was 
a depression on the medial aspect of the 
right uncinate gyrus corresponding to the 
aneurysm. 

. There was a blood clot in the lateral and 
the fourth ventricles. There was no evi- 
dence of intracerebral hematoma or cere- 
bral infarction. 


The remainder of the postmortem examination 
was unremarkable except for a petechial hemor- 
rhage in the myocardium. 


DISCUSSION 


This case had several interesting features, 
the most outstanding of which were the 
angiographic appearances. The first set of 
roentgenograms obtained after brachial 
catheterization showed nonfilling of the 
intracranial vessels, which was assumed to 
be due to elevated intracranial pres- 
sure;:?? however, the injection made di- 
rectly into the right internal carotid artery 
30 minutes later showed complete filling of 
the intracranial arteries, including the 
branches of both internal carotid arteries, 
the basilar and both vertebral arteries, with 
retrograde filling of the extracranial vessels. 
There were no significant circulatory al- 
terations in the patient between the 2 
angiographies. The only difference was in 
the amount of pressure during the 2 injec- 
tions. Since it was a manual injection in 
both the procedures, the force could not be 
measured. It is quite possible that the force 
during the direct percutaneous carotid 1n- 
jection was greater than that during the 
brachial catheterization; however, this does 
not explain the complete simultaneous fill- 
ing of the intracranial arteries. 


SUMMARY 


A case is reported with a ruptured right 
posterior cerebral artery aneurysm. A right 
percutaneous carotid angiogram outlined 
the complete intracranial arterial circula- 
tion as well as the aneurysm. This was in 
contrast to the results of cerebral angiog- 
raphy by right brachial artery catheteri- 
zation which showed nonfilling of the intra- 


Visualization of Intracranial Arterial Circulation 


cranial arteries. The explanation of this 
phenomenon remains obscure. 


K. K. Jain, F.R.C.S.(C) 
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Fic. 3. Postmortem specimen demonstrates an 
aneurysm projecting at the base between the 
right temporal lobe and the brain stem. The right 
posterior cerebral artery is shown entering and 
leaving the aneurysm sac. 
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CONGENITAL EXTERNAL CAROTID-VERTEBRAL 
ANASTOMOSIS* 


A CASE REPORT 


By EARL R. HACKETT, M.D., and CHARLES B. WILSON, M.D. 


NEW ORLEANS, LOUISIANA, 


NASTOMOTIC channels between the 
external carotid system and intra- 
cranial vessels are limited to a few distinct 
points.? The best known of these is the 
collateral circulation through the ophthal- 
mic artery into the internal carotid system. 
Another point is through the rete mirabile 
with connections between meningeal ar- 
teries (and their branches) and the cerebral 
cortical arteries. A third route is through 
the occipital artery and muscular branches 
of the vertebral arteries into the vertebro- 
basilar system. 

Several reports allude to this latter mech- 
anism, but few publications show angio- 
grams demonstrating the collateral chan- 
nels. Taveras and Wood? illustrated a case 
with thrombosis of the internal carotid ar- 
tery and the vertebral artery, with collat- 
erals between the external carotid and the 
vertebral artery. Richter's report? contains 
an angiogram with multiple small connec- 
tions between the occipital and vertebral 
artery in a patient with thrombosis of the 
internal carotid artery. Tatelman!! showed 
a large vessel connecting the external ca- 
rotid and vertebral arteries. He was unable 
to demonstrate the vertebral artery prox- 
imal to the anastomosis, and considered 
this collateral pathway a very rare angio- 
graphic finding. Schechter,* in a paper with 
the largest group of studied cases (8), dem- 
onstrated small pathwavs from the de- 
scending branch of the occipital artery into 
the vertebral system. Other authors have 
described external carotid-vertebral con- 
nections, but without illustrations.?:?:1 

The purpose of this paper is to present a 
case with a single large external carotid- 
vertebral anastomosis which was an inci- 
dental finding in a patient with hemiplegia 
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due to atherosclerotic occlusion of the mid- 
dle cerebral artery. 


REPORT OF A CASE 


I. R., a 63 year old Negro male, was seen in 
the clinic of the Louisiana State University 
Neurology Service of Charity Hospital in New 
Orleans on March 26, 1963, with a complaint of 
weakness involving his left arm and leg. Five 
days earlier he had noted trembling and inabil- 
ity to close his left hand, and 4 days later he 
became aware of weakness and diminished sen- 
sation in his leg. Physical examination revealed 
moderate weakness of the lower facial muscles, 
hand, wrist, and leg on the left without reflex 
changes. His weakness progressed over the 
next few weeks and on April 23, 1963, he was 
admitted to the hospital. 

He gave no history of previous central ner- 
vous system diseases except for intermittent 
giddiness with postural changes during the 
previous 2 months. He denied bruits, tinnitus, 
vertigo, diplopia, speech changes, or other 
neurologic symptoms. 

He had undergone a gastrectomy in January, 
1963, for peptic ulcers. He had been a heavy 
daily wine drinker prior to his surgery. The re- 
mainder of his history was not significant, 

Neurologic examination on admission re- 
vealed a normal mental status. A left supra- 
nuclear VII and XII weakness was seen. A 
snout reflex was obtained. The fundi showed 
sclerotic vascular changes. A left hemiparesis of 
a moderate degree, with increased tone, was 
present with the arm more severely involved 
than the leg. The deep tendon reflexes were 
hyperactive in all extremities, but more so on 
the left, with left ankle clonus. The distal left 
arm and leg were hypalgesic and stereognosis 
was impaired. Other sensory modalities were 
intact. No cerebellar dysfunction was noted. 
There was a typical hemiparetic gait. No bruits 
were heard over the neck or head. 

Laboratory studies showed normal blood 
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studies, urinalysis, blood chemistries and serol- 
ogy. Lumbar puncture revealed clear fluid 
under normal pressure and containing a few red 
blood cells. Protein was 45 mg. per cent, sugar 
72 mg. per cent, chlorides 118 mEq./L and the 
serology was negative. 

Chest roentgenograms were normal, as were 
routine skull roentgenograms. Bilateral carotid 
angiography was performed on April 30, 1963. 
Brachial-vertebral arteriographies were ad- 
vised, but the patient refused further diagnos- 
tic procedures and left the hospital. 

Roentgenographic Findings. The carotid an- 
giograms are shown in Figures 1-4. The right 
middle cerebral artery is occluded just beyond 
the origin of a common trunk for the anterior 
and posterior temporal arteries (Fig. 2; and 3) 
and probably accounted for this patient's clini- 
cal symptoms. A large artery originating from 
an enlarged right external carotid artery courses 
laterally and posteriorly to become the verte- 
bral artery. The basilar system then fills from 
this artery (Fig. 1; 2; and 3). No branches arise 
from this vessel. (This vessel should not be con- 
fused with a persistent hypoglossal artery which 


Fic. 1. Right carotid angiogram, lateral view, early 
phase. A large vessel is seen arising from the ex- 
ternal carotid artery, coursing posteriorly to 
become the vertebral artery. There is no branching 
or reflux downward into the usual course of the 
vertebral artery. 


Carotid-Vertebral Anastomosis 


Fic. 2. Right carotid angiogram, lateral view, later 
phase. There is filling of both the anterior and 
posterior circulations. The middle cerebral artery 
fails to fill except for a temporal branch which 
courses posteriorly above the posterior cerebral 
artery. 


also has its origin low in the neck, but with an 
origin from the internal carotid artery. ) 

Both anterior cerebral arteries fill from the 
right (Fig. 3), although a small left anterior 
cerebral artery provides some flow in the left 
pericallosal branch (Fig. 4). A small right pos- 
terior communicating artery is identified by in- 
fundibular widening at its origin. On the left a 
slightly larger posterior communicating artery 
affords faint opacification of the posterior cere- 
bral artery. 


DISCUSSION 


The angiographic demonstration of anas- 
tomotic vessels between the external ca- 
rotid and vertebral systems is a rare occur- 
rence.?:!! This case represents the only such 
case in the past 10 years at Charity Hospi- 
tal in New Orleans from a service that per- 
forms over 100 angiographies a year. The 
paucity of reported cases in the literature 
also confirms this. A single vessel ot the 
size seen in Figures 2 and 3 1s even more 
unusual. Small anastomotic vessels 
frequently seen in cadavers;?? but represent 


arc 
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lic. 3. Right carotid angiogram, anteroposterior 
view, later phase. The anastomotic vessel courses 
laterally in the neck to become the vertebral 
artery. Both circulations are again seen. Both an- 
terior cerebral arteries fill from this injection. 


potential collateral channels and because 
of their size make no significant contribu- 


tion to the vertebro-basilar circulation. 
Schechter,’ basing his opinion on the equal- 
ity of pressures between the two systems, 
suggested that the only time these connec- 
tions become significant is when one or the 
other system becomes occluded. 

The large size of the anastomotic vessel in 
the present case suggests that this connec- 
tion had been present for a long time, and 
two etiologic possibilities must be consid- 
ered. 

The most likely explanation of this vessel 
is that it represents a congenital abnormal- 
ity. Several factors support this view: (1) 
the size of the vessel; (2) the absence of 
any branches from the vessel; (3) the direct 
course of the artery as opposed to a tor- 
tuous channel through branches of the oc- 
cipital artery; and (4) the marked enlarge- 
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ment of the external carotid artery. Richter 
reported a 5 year old boy with this anomaly 
whom he considered to have a congenital 
malformation, but who also had a non-fill 
ing internal carotid artery. 

External carotid-vertebral anastomoses 
would be difficult to explain on an embryo- 
logic basis, as the two systems develop 
separately. The external carotid artery 
emerges in the early postbranchial period 
as à branch of the third arch and incor- 
porates part of the first and second aortic 
arches. The vertebral artery develops earlier 
as a longitudinal linkage of the dorsal rami 
of intersegmental arteries. All connections 
of these intersegmental arteries to the 
aortic arch then lyse except at the sixth 
cervical segment.^* The external carotid 
branches (occipital) are displaced dorsally 
when the muscles they supply migrate 
posteriorly. It is only when this occurs 
that an anastomosis could form. If a verte- 
bral artery failed to develop adequately, 
then an anastomotic channel could become 


l'1G. 4. Left carotid angiogram, lateral view. There is 
relatively poor visualization of the anterior cere- 
bral artery. A large posterior communicating ar- 
tery is seen filling the posterior cerebral artery on 
that side. 
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a major source for blood to the basilar 
artery. It is of interest to note that the 
major supply of the circle of Willis in the 
horse and ox is by way of the external 
carotid occipital-vertebral channel.^? 

A second possibility as to the etiology of 
the anastomotic channel is that an athero- 
sclerotic obstruction of the proximal ver- 
tebral artery existed on that side. The 
presence of atherosclerotic abnormalities 
elsewhere would support this view. In the 
published cases with vertebral occlu- 
sion,® 8112 the roentgenograms usually 
show multiple small collaterals as opposed 
to a large single vessel. 

The direction of collateral circulation 1s 
determined by relative pressures in the two 
arterial beds it connects, and the direction 
of flow can change. Schechter’ illustrated 
fow from the vertebral arteries into the 
carotid system, as well as flow from the 
external carotid artery to the vertebral 
arteries, these patterns following obstruc- 
tion of the common carotid, internal carot- 
id or the vertebral arteries. A brachial- 
vertebral angiogram in our patient may 
have shown either an atretic artery or an 
occluded artery. It is significant that the 
angiograms show no retrograde flow into 
the proximal vertebral artery from the 
anastomotic vessel. 

In the present case, the anastomosis was 
not clinically significant. The patient had 
experienced no previous neurologic symp- 
toms prior to his recent middle cerebral 
thrombosis. Although proximal occlusion 
of the vertebral artery may be asy mpto- 
matic generally, obstruction of this vessel 
produces at least transient neurologic defi- 
cits. One can speculate on the severe clini- 
cal picture which might have occurred if 
the common carotid artery had been oc- 
cluded. 


SUMMARY 


A case is reported with a single large ex- 
ternal carotid-vertebral anastomosis which 
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was demonstrated by carotid angiography. 

The various reasons for development of 
such a channel are discussed. 

The presence of a large single channel, 
the direct course and lack of branching, 
and the lack of previous neurologic symp- 
toms indicate that this particular vessel 
represents a congenital maldevelopment of 
the vascular supply to the brain. 


Earl R. Hackett, M.D. 

Department of Neurology 

Louisiana State University 
School of Medicine 

1542 Tulane Avenue 

New Orleans, Louisiana 70112 
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ANGIOGRAPHIC FEATURES OF 
AQUEDUCTAL STENOSIS* 


By YUN PENG HUANG, M.D., BERNARD S. WOLF, M.D., SANFORD P. ANTIN, M.D., 


TOSHIO OKUDERA, M.D., 


NEW YORK, 


HE term "aqueductal stenosis" is 

ordinarily applied to obstruction of the 
aqueduct as a result of congenital stenosis, 
forking, or septum formation." However, 
the nature of an obstruction, whether con- 
genital or due to ependymitis, gliosis, peri- 
aqueductal glioma or angiomatous mal 
formation, may not be evident grossly.® In 
such cases, final diagnosis can only be made 
by histologic examination. Because of its 
small size and strategic location, the aque- 
duct may also be occluded by a neighboring 
tumor or by a distant supratentorial space- 
occupying lesion with bilateral hippo- 
campal herniation. This paper is, however, 
primarily concerned with the angiographic 
features of obstruction of the aqueduct in 
the absence of a gross expanding or space- 
occupying lesion. Experience with 10 cases 
of aqueductal stenosis ranging from 12 to 6s 
years of age, averaging 43 vears, indicates 
that this diagnosis can be suspected from 
angiographic findings provided both supra- 
and infra-tentorial vessels are well dem- 
onstrated. 

Clinical diagnosis of aqueductal stenosis 
is often difficult. These patients frequently 
have signs and symptoms of increased 
intracranial pressure (headache, papille- 
dema, mental changes) and demonstrate 
poorly localized neurologic abnormalities 
(mild ataxia, nystagmus, tremor, sexual 
precocity, occasional spastic paralvsis, bi- 
temporal visual field defect).^?"?? Signs 
and symptoms of increased intracranial 
pressure may, however, be absent on clin- 
ical examination? [n cases of aqueductal 
obstruction due to tumor, there may be 
more specific ocular findings,’ but the diag- 
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nosis may still be dificult.” The definitive 
diagnosis is usually made, often unexpect- 
edlv, during the course of encephalography 
or ventriculography when air or positive 
contrast material fails to traverse the aque- 
duct. The combination of encephalography 
and ventriculography will usually demon- 
strate the site and extent of obstruction. 
Cerebral angiography is frequently the 
frst neuroradiologic study performed in 
patients who subsequently turn out to have 
aqueductal stenosis. It is therefore of im- 
portance to suspect this lesion from angio- 
graphic findings. In the past, little atten- 
tion has been paid to the possibility of its 
angiographic diagnosis although the normal 
course of posterior fossa arteries and fea- 
tures of symmetric hydrocephalus of the 
lateral ventricles have been described.” 


GROSS PATHOLOGIC ANATOMY 


In the course of development of slow but 
progressive obstruction of the aqueduct, 
both lateral ventricles become enlarged 
usually to a marked, sometimes to an ex- 
treme, degree (Fig. 1, 4, B and C). As a 
result, the pericallosal cistern is arched and 
elevated and the cistern of the velum inter- 
positum and the roof of the third ventricle 
become depressed and flattened. The third 
ventricle is markedly enlarged in all di- 
mensions (Fig. 1, 4, B and C; 2, 4 and B; 
and 3). The floor of the third ventricle be- 
comes displaced downward to a consider- 
ably greater extent than the roof. The cere- 
bral peduncles in the floor of the third 
ventricle are pushed downward and flat- 
tened from above. The anterior surfaces 
of the peduncles are shortened and tilted 
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Fic. 1. Diagrammatic representation of the anatomic changes produced by aqueductal stenosis in adults. 
(A) Morphologic features. Subarachnoid cisterns are finely shaded; the third and fourth ventricles (3V and 
4V) are crosshatched. The incisural margin of the tentorium (Tent) is indicated in dashed fashion. 
The third ventricle is markedly dilated and ballooned. The dilatation extends into the aqueduct (^"ventri- 
cularization" of the aqueduct) which protrudes directly posteriorly in horizontal fashion. The roof of the 
third ventricle and the cistern of the velum interpositum (CVI) are lower than normal. The floor of the 
third ventricle made up by the roof of the interpeduncular cistern (IC), the roof of the chiasmatic cistern 
(ChC) and the upper part of the cerebral peduncles (CP), is markedly depressed downward. The mid-brain 
including the cerebral peduncles is squeezed downward and widened superiorly. The anteroposterior depth 
of the interpeduncular fossa is unchanged. The belly of the upper pons is squeezed forward, widened and 
the pontine cistern (PC) is narrowed. The aqueducts below the obstruction and upper fourth ventricle are 
posteriorly displaced and vertical. The horizontal floor of the third ventricle and the vertical aqueduct below 
the obstruction produce an abrupt angulation or kinking (unlabeled arrow). The quadrigeminal plate and 
cistern as well as the anterior cerebellar notch and precentral cerebellar fissure (PcF) are displaced back- 
ward. The superior vermis is squeezed backward and its apex shows a more pointed appearance. The 
quadrigeminal and neighboring cisterns are dilated. The fourth ventricle, cerebellar tonsils and cisterna 
magna (CM) are normal. The lateral ventricle (LatV), the pericallosal cistern (PcC), the calcarine fissure 
(CF), and the superior cerebellar cistern (SCC) are also labeled. The posterior clinoids and dorsum sellae 
are eroded by the dilated third ventricle. 


forward. As a result of dilatation of the C; and 4) by the enlarged third ventricle 


third ventricle and lateral ventricles, the 
roof of the interpeduncular and chias- 
matic cisterns is markedly depressed. The 
quadrigeminal plate 1s displaced backward 
and somewhat downward (Fig. 1, 47, 5 and 


and aqueduct above the obstruction. Be- 
cause of downward herniation of the upper 
brain stem, the belly of the pons is flattened 
from above, squeezed forward and widened. 
Its anterior margin lies closer to the clivus 
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Vic. 1. (B) Arteriographic changes. The cerebellum is finely shaded; the brain stem is vertically hatched. The 
basilar artery (BA) is unusually close to the clivus and its upper end depressed. The posterior cerebral 
artery (PCA) and its branches are stretched and displaced downward toward the superior cerebellar arteries 
(SCA). The precentral cerebellar twig (Pc) and the anterior culminate segment (unlabeled arrows) of the 
superior vermian branch (SV) outline the paravermian sulcus in the anterior cerebellar notch. These vessels 
are displaced backward and take a more vertical course. The pointed apex (upper unlabeled arrow) of the 
superior vermis is indicated by an acute angulation in the course of the superior vermian branch at this site. 
The posterior inferior cerebellar artery (PICA) is neither displaced nor deformed. The medial and lateral 
posterior choroidal arteries (MPCh and LPCh) are displaced downward. The parenchymal portions of the 
thalamo-perforating arteries (Tp) are stretched and their cisternal portions depressed. Labeled branches 
of the superior cerebellar artery include the mesencephalic branch (M), anterior lateral marginal branch 
(ALM), hemispheric branches (H), and interbrachial branch (Ib). The vertebral artery (VA), the third 
ventricle (3V), and lateral ventricle (LatV) are also labeled. 


and the petrous pyramids (Fig. 54). Be- 
cause of ballooning and funneling, the 
aqueduct above the obstruction bulges 
backward and assumes a more horizontal 
course. At the same time, its floor is de- 
pressed and, in severe cases, may form a 
straight line with that of the third ventricle. 
As a result of these changes, the aqueduct 
below the obstruction is also displaced 
backward and therefore follows a more ver- 
tical course. The angle between the floor of 


the third ventricle and that of the upper 
fourth ventricle and aqueduct below the 
obstruction is diminished, and in severe 
cases approaches a right angle (Fig. 3). 
This type of kinking differs from kinking of 
the aqueduct and quadrigeminal plate seen 
in superior vermian tumors in which the 
aqueduct is displaced forward. Unlike the 
compressed mid-brain seen in bilateral 
hippocampal herniation, the upper brain 
stem above the obstruction is slightly 





Fic. 1. (C) Phlebographic changes. The ventricular system is uniformly shaded. The internal cerebral vein 
(ICV) is depressed and the thalamo-striate vein (Ts) and its tributaries are stretched and elongated. The 
vein of Galen (VG) is straightened and elongated vertically. The anterior ponto-mesencephalic vein 
(APmV) shows an "accordion" deformity due to depression of the 1st segment (1), shortening and anterior 
tilting of the 2nd segment (2), and anterior bowing of the 3rd segment (3). These changes are the result of 
depression of the floor of the third ventricle, shortening and tilting of the cerebral peduncles, and forward 
bulging of the upper pons. The precentral cerebellar vein (PcV) is displaced backward and straightened 
and appears elongated. The displaced and deformed superior vermis is outlined by the precen tral cerebellar 
vein and the supraculminate tributary of the superior vermian vein (ScV). The inferior vermian vein (IVV) 


running in the inferior paravermian sulcus is normal in location. The third ventricle ( 


ventricle (4V) are also labeled. 


widened transversely (Fig. 55). 

As a result of widening and flaring of the 
upper brain stem and the posterior dis- 
placement of the quadrigeminal plate, the 
anterior cerebellar notch or the posterior 
wall of the precentral cerebellar fissure be- 
comes deeper, wider and more posteriorly 


located (Fig. 1, 4, B and C; 4; and 55). 


The widening and posterior displacement of 


the anterior cerebellar notch are, however, 
also due partly to enlargement of the quad- 
rigeminal cistern, which is the result of ob- 
struction of the subarachnoid space. As de- 


3V) and the fourth 


scribed by Schechter, Bull and Carey,” and 
Roth,” pressure hydrocephalus narrows the 
basal cisterns in the anterior part of the 
tentorial notch. As a result, the cerebro- 
spinal fluid pathways in the posterior part 
of the tentorial notch become dilated. These 
include the quadrigeminal cistein, the 
posterior part of the pericallosal cistern, 
retropulvinar cistern, cistern of the velum 
interpositum, superior cerebellar cistern, 
and the anterior portions of the calcarine 
and parieto-occipital fissures (Fig. 4; and 5, 
A and B). In aqueductal stenosis, the size 
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FIG. 2. Aqueductal stenosis; pantopaque and air ventriculograms. 

(4) Lateral view, brow-up. The tips of the occipital horns containing droplets of radiopaque material are 
markedly enlarged backward. Only a few droplets (-—) entered the distal aqueduct and fourth ventricle. 
The roof of the third ventricle (R) is depressed; however, the floor (F) and the entrance to the aqueduct 
are displaced downward to a greater degree than the roof. The aqueduct above the obstruction (Aq) is 
markedly dilated and assumes a more horizontal course. The top of the dorsum sellae ($) is flattened. The 
lucent tip of the suprapineal recess is created by the internal cerebral vein ( ICV). The posterior commissure 


(PCo) is also labeled. 


(B) Same case. Reversed Waters’ projection, brow up. There is marked enlargement of the third ventricle 
(3V) in both vertical and transverse diameters with a flat horizontal roof (R). The aqueduct above the ob- 
struction is ballooned and funnel-shaped (between two opposing arrows). There is no lateral displacement 
of the third ventricle or aqueduct. A few droplets (small unlabeled arrow) of radiopaque material enter the 


lower part of the aqueduct and fourth ventricle. The 


dilated. 


of the fourth ventricle is usually normal 
although it may be slightly larger or smaller 
than normal. However, it is never displaced 
or deformed. Occasionally, one may get the 
Impression that the fourth ventricle is 
abnormally high in position presumably 


because the distance between the posterior 


third ventricle and the fourth ventricle is 
markedly diminished. This is due to down- 
ward herniation of the upper brain stem 
into the non-displaced structures in the 
lower portion of the posterior fossa. Ton- 
sillar herniation, when it occurs, is minimal, 
contrary to cases of Arnold-Chiari mal- 
formation in which tonsillar herniation is 
the most obvious feature.9 


air-filled frontal horns are symmetric and markedly 


SUPERIOR CEREBELLAR ARTERY AND 
ITS BRANCHES 


Before describing the angiographic fea- 
tures of aqueductal stenosis, the course of 


the superior cerebellar artery and its 
branches (Fig. 6, 4, B and C) must be de- 
scribed in order to facilitate the identifica- 
tion of an important anatomic landmark 

the anterior cerebellar notch or the pre- 
central cerebellar fissure. The superior cere- 
bellar artery*?/5 originates from the basi- 
lar artery a few millimeters proximal to the 
origin of the posterior cerebral artery, It 
runs laterally on the anterior aspect of the 
upper pons (prepontine segment), often 
taking an arcuate course, convex inferiorly. 
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Upon reaching the lateral border of the 
pons, it turns posteriorly over the bra- 
chium pontis (lateral pontine segment). 


S 


This segment gives off a branch which runs 
along the anterior lateral margin of the 
cerebellum—the anterior lateral marginal or 
lateral branch (Fig. 6, B and C; and 7, 4 and 
B). 'The main stem continues posteriorly, 


medially and superiorly adjacent to the 
anterior superior margin of the cerebellum 
(anterior superior marginal segment). It 
gives off one or two hemispheric branches 
which cross over the latter margin and 
ramify over the superior surface of the 
cerebellar hemisphere. The stem continues 
as the superior vermian or medial branch. 


Fic. 3. Aqueductal stenosis; pantopaque ventric- 
ulogram, lateral view, brow up. 

The third ventricle (3V) is markedly dilated 
with posterior protrusion of the suprapineal recess. 
Lucency at the tip of the recess is produced by the 
vein of Galen (VG). The floor (F;) of the third 
ventricle is markedly depressed and horizontal, 
whereas the floor (F+) of the upper part of the 
fourth ventricle is vertical. Despite marked ob- 
struction, opaque material entered the fourth ven- 
tricle. The aqueduct above the stenosis is markedly 
ballooned and protrudes backward contributing to 
posterior displacement of the structures behind it. 
The fastigium (4V) of the fourth ventricle 1s norm- 
ally located. The posterior clinoids and dorsum 
sellae (unlabeled arrow) are markedly eroded. The 
posterior commissure (PCo) is clearly outlined. 
The stenotic portion of the aqueduct is about 5 
mm. long. 


Angiographic Features of Aqueductal Stenosis 


Fic. 4. Aqueductal stenosis; pneumoencephalogram, 
lateral view. 

Air entered the fourth ventricle (4V) but not the 
third or lateral ventricles. The chiasmatic cistern 
(ChC) and superficial and the deep portions of the 
interpeduncular cistern (IpC-s and IpC-d) are 
flattened from above. The posterior end of the in- 
terpeduncular cistern is not displaced forward. The 
pontine cistern (PC) is narrow. The quadrigeminal 
cistern (QC) and neighboring subarachnoid chan. 
nels are dilated. These channels include the cistern 
of the velum interpositum (CVI), the huge peri- 
callosal cistern (PcC) and the superior cerebellar 
cistern (SCC). The superior vermis is displaced 
backward against the under-surface of the ten 
torium and its apex (A) is pointed. The inferior 
colliculi (I) as well as the precentral cerebellar 
fissure (unlabeled arrows) are displaced back- 
ward. The fourth ventricle (4V) is not displaced. 
The central lobule (Ce) and culmen (Cu) are also 
labeled. 


Upon reaching the anterior aspect of the 
superior vermis, it turns and runs upward 
and backward in front of the culmen (an- 
terior culminate segment) to reach the apex 
of the cerebellum. It then changes its course 
and continues downward and backward on 
the superior surface of the superior vermis 
(supraculminate segment). Not infre- 
quently, fine arterial twigs originate from 
the anterior culminate segment of the 
superior vermian branch and run forward 
and downward in the precentral cerebellar 
fissure adjacent to the paravermian sulcus. 
These twigs may be designated precentral 
cerebellar arteries (Fig. 6, 7, B and C; and 
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(4) Reverse Towne projection. This shows marked narrowing of the medial and lateral portions of the 
pontine cistern due to flattening and widening of the upper pons (row of unlabeled arrowheads). 

(B) Another case; reverse Towne projection. The vallecula (V) and fourth ventricle (4V) are visualized 
and are normal in appearance and location. No air entered the third or lateral ventricles. The dilated cis- 
tern of the velum interpositum (CVI), superior cerebellar cistern (SCC), left pericallosal cistern (PcC) and 
calcarine fissure (CF) are evident. The transverse diameter (unlabeled arrowheads) of the upper brain stem 
at the level of the superior colliculi (S) is slightly increased in spite of marked downward displacement of 
the mid-brain demonstrated in the lateral view (not shown). This is in contrast to the pear-shaped con- 
figuration of the brain stem produced by bilateral hippocampal herniation. 


7, 4 and B). Upon reaching the colliculo- 
central point? between the inferior colliculi 
and the upper part of the central lobule, 
these twigs turn backward and downward 
to run parallel to the brachium conjunc- 
tivum and the roof of the upper part of the 
fourth ventricle. These vessels penetrate 
the cerebellum at the bottom of the pre- 
central cerebellar fissure in or adjacent to 
the superior paravermian sulcus to supply 
the cerebellar nuclei and adjacent white 
matter. [n some cases, precentral cerebellar 
twigs arise from a hemispheric branch. 
Other arterial twigs arise from the anterior 
lateral margin or hemispheric branch to run 
downward in the interbrachial sulcus be- 
tween the brachium conjunctivum and 
brachium pontis (interbrachial arteries) 
(Fig. 6, 4, B and C). These vessels run 
parallel to precentral cerebellar twigs but 
are located more laterally. 


ANGIOGRAPHIC FEATURES OF 
AQUEDUCTAL STENOSIS 

Angiographic features of simple aque- 
ductal obstruction may be divided into 
those related to: (1) marked dilatation of 
the lateral ventricles; (2) dilatation of the 
third ventricle and aqueduct above the 
obstruction, downward displacement and 
compression of the upper brain stem, and 
posterior displacement of the precentral 
cerebellar fissure; (3) maintenance of nor- 
mal shape and position of the lower half of 
the posterior fossa structures; and (4) the 
absence of shift of median and paramedian 
vessels (Fig. 8, 4—D; 9, 4A-D; 10, Æ and B: 
11, 77 and B; and 12, 4 and D). 

Angiographic features indicative of sym- 
metric enlargement of the lateral ventricles 
have been described by several authors.*:! 
In the lateral view, there is an enlarged 
sweep and stretching of the pericallosal 
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Fic. 6. Roentgenograms of a speci. 
men injected to show the course 
of the superior cerebellar arteries 
and their branches. The brain 
stem was transected anteriorly at 
the ponto-mesencephalic junction 
and posteriorly through the supe- 
rior colliculi. 


(4) Lateral view of the left half (L) of the specimen. Several branches arise from the stem of the superior 
cerebellar artery (SCA). These include a branch to the mesencephalon (M) and a branch (incompletely in- 
jected) which turns posterolaterally to reach the anterior lateral margin of the cerebellum (ALM). The 
stem then divides into two main trunks, hemispheric (H) and superior vermian (SV). The hemispheric 
trunk runs adjacent to the anterior superior margin of the cerebellum and gives off branches (H/) which run 
over this margin to ramify on the superior surface of the hemisphere. The superior vermian branch courses 
posteriorly and medially on the lateral aspect of the tegmentum to reach the anterior aspect of the culmen. 
It continues upward and backward in front of the culmen (anterior culminate segment—unlabeled large 
arrows). The vessel then runs over the apex (+) of the cerebellum to continue posteriorly on the superior 
surface of the vermis. The superior vermian branch gives off (4) the precentral cerebellar artery (row of 
arrowheads). This vessel runs posteriorly and, upon reaching the upper part of the central lobule, turns 
downward and backward adjacent to the superior paravermian sulcus in the precentral cerebellar fissure. 
Actually, there are several fine precentral cerebellar arteries which overlap each other in this projection. 
These fine branches perforate the cerebellum at the bottom (indicated by the semicircle) of the precentral 
cerebellar fissure to continue directly into the parenchyma of the cerebellum. Interbrachial arterial twigs 
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artery and its branches (*'combed-hair" 
appearance). The branches of the posterior 
cerebral artery are also markedly stretched 
and depressed ("wind-blown hair" appear- 
ance). The medial posterior choroidal ar- 
tery in the roof of the third ventricle is de- 
pressed. The lateral posterior choroidal 
artery in the floor of the body of the lateral 
ventricle is also displaced downward. The 
splenial artery is elevated and arched back- 
ward. The internal cerebral vein is de- 
pressed and flattened and its subependy mal 
tributaries, including the septal, thala- 
mostriate and medial atrial veins, are 
stretched and elongated. The anterior por- 
tion of the basal vein of Rosenthal is de- 
pressed secondary to downward displace- 
ment of the basal ganglia. However, pos- 
teriorly, the basal vein of Rosenthal may 
retain its normal position or be displaced 
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twigs running in the pericallosal cistern? are 
located high and appear nearer to the 
calvaria. Even if these wing-shaped vascu- 
lar networks are not seen, the superior sur- 
face of the corpus callosum can frequently 
be identified by finding dots or small round 
radiopacities in the course of the peri- 
callosal arteries (Fig. 88), representing 
portions of the pericallosal arteries seen on 
end. The middle cerebral artery and its 
branches and the lenticulostriate arteries 
are laterally displaced. The posterior cere- 
bral artery and its branches, as in the la- 
teral projection, are stretched. The lateral 
group of the subependymal tributaries are 
stretched, depressed and laterally 
placed. The medial tributaries are elon- 
gated and stretched and the medial atrial 
vein is displaced medially. The deep 
middle cerebral vein running over the in- 


dis- 


sula, like the middle cerebral artery, is dis- 
placed laterally. 

The second group of angiographic fea- 
tures 1s related to dilatation of the third 
ventricle and aqueduct above the obstruc- 
tion and the resultant deformity of the 


downward (Fig. gC and 108). The splenial 
vein, like the artery, is elevated and arched. 

In the anteroposterior projection, the 
pericallosal arteries and their branches are 
stretched and closely approximated near 
the midline. The tiny arterial and venous 


(Ib) originate from the first portion of the anterior lateral marginal branch (ALM) and run backward and 
downward parallel but anterior and inferior to the precentral cerebellar vessels. These twigs also enter the 
cerebellar parenchyma (semicircle) at the bottom of the wing of the precentral cerebellar fissure. The an- 
terior culminate segment (unlabeled large arrows) of the superior vermian branch and the precentral 
cerebellar arteries outline the anterior aspect of the superior vermis. Also labeled are the inferior colliculi 
(I) and a quadrigeminal twig (Q) originating from the superior vermian branch. 

(B) Simulated Towne projection (same specimen). This view shows both halves of the injected specimen 
(right = R, and left = L). The cross indicates the apex of the cerebellum. In this projection, branches running 
in the precentral cerebellar fissure (lines of unlabeled diminishing arrowheads) and in the interbrachial 
sulcus (Ib) are markedly foreshortened and difficult to identify. Unlabeled double arrowheads on the nght 
side indicate another precentral cerebellar artery more laterally located. The anterior culminate segment 
(unlabeled two large arrows) of the superior vermian branch (SV) located on the anterior aspect of the cul- 
men is, however, well shown in this view. On the right side, the anterior lateral marginal branch (ALM) is 
completely filled. It arises from the prepontine segment of the right superior cerebellar artery (SCA), runs 
backward to reach the interbrachial sulcus, and then takes a recurrent course forward and laterally toward 
the anterior angle of the cerebellum. At this point, it turns laterally to run along the anterior superior mar- 
gin of the cerebellum. Two large hemispheric branches (H') are seen on the right side, one on the left. Other 
labels are as in the previous figure. Fourth ventricle (4V) is also indicated. 

(C) Simulated Waters' view. Right (R) and left sides (L) are reversed as compared with Figure 6B as if 
the cerebellum was being viewed from behind and above. Multiple fine precentral cerebellar arteries (rows 
of unlabeled single and double arrowheads) run downward and backward in the precentral cerebellar 
fissure to penetrate (semicircles) the cerebellar parenchyma. Interbrachial twigs (Ib) run parallel but more 
lateral to these vessels. The anterior lateral marginal (ALM), hemispheric (H’) and the superior vermian 
(SV) branches of the superior cerebellar arteries (SCA) are well visualized on both sides. The cross indicates 
the apex of the cerebellum. 
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Fic. 7. Normal left brachial angiograms, arterial phase, showing the course of the precentral cerebellar artery. 
(A) Lateral view. The vessels of both sides are superimposed. The superior vermis is well outlined by the 
anterior culminate ( T) and the supraculminate ($) segments of the superior vermian branches of the 
superior cerebellar arteries (SCA). The precentral cerebellar fissure is outlined by a fine arterial twig (row 
of unlabeled small arrows). Also labeled are the anterior lateral marginal branches (ALM) of the superior 
cerebellar arteries, thalamo-perforating arteries (Tp), medial and lateral posterior choroidal arteries 
(MPCh and LPCh), splenial arteries (Sp), the left posterior inferior cerebellar artery (PICA) and a hem- 
ispheric branch (H) of the superior cerebellar artery. 

(B) Straight anterior posterior view, same case. The right precentral cerebellar artery is seen arising 
(unlabeled thick arrow) from a single circummesencephalic trunk and runs downward (3 small unlabeled 
arrows) in the superior paravermian sulcus in the anterior cerebellar notch. This vessel outlines the lower 
part of the superior vermis in the precentral cerebellar fissure. Anterior culminate segments ( 4 ), right and 
left, indicate the upper part of this aspect of the superior vermis. Superior vermian twigs ($) outline the 
apex of the cerebellum. On the left side, no precentral cerebellar artery is seen. Also labeled are the anterior 
lateral marginal branch (ALM), hemispheric (H) and superior vermian (SV) branches of the superior cere- 
bellar artery (SCA) and posterior cerebral arteries (PCA). 


upper part of the brain stem. Because of 
flattening and widening of the pons, the 
upper part of the basilar artery bulges for- 
ward (Fig. 9/7; 104; and 114). The distal 
end is markedly depressed and may bend 
forward, backward or in some cases show 
an "accordion" or “corkscrew” deformity 
(Fig. 12.4)./" The thalamo-perforating 
arteries are usually not clearly seen al- 
though their cisternal parts are depressed 
(Fig. 9/7) and their parenchymal portions 
stretched? and laterally displaced.? The 
superior cerebellar artery and its branches 
are displaced downward. The posterior 
cerebral artery is displaced downward to a 


greater extent than the superior cerebellar 
artery. As a result, the distance between 
the circummesencephalic portions of the 
posterior cerebral artery and the superior 
cerebellar artery 1s decreased corresponding 
to diminution in the height of the mesen. 
cephalon. A picture of downward crowding 
of circummesencephalic vessels is thereby 
produced (Fig. 94; 104; and 114). The 
vertical portion of the lateral mesencephalic 
vein is laterally displaced (Fig. 9D). Lower- 
ing of the roof of the interpeduncular 
cistern and narrowing of the pontine cistern 
are reflected by changes in the course of the 
various portions of the anterior ponto- 
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liG. 8. Aqueductal stenosis; left carotid angiograms. 

(4) Arterial phase, lateral view. The pericallosal artery and its branches are stretched and take a large 
sweep. The posterior cerebral artery (PCA) and its branches are somewhat stretched and flattened. The 
choroidal vessels (arrowheads) form a loop corresponding to the arcuate course of the choroidal fissure. The 
upper limb of this loop is depressed indicating enlargement of the body of the lateral ventricle. 

(B) Arterial phase, anteroposterior view. The pericallosal artery (PcA) originates as a single vessel which 
divides into two, one for each hemisphere. These vessels are stretched and unusually close to each other. 
Increased radiopacity (—) in the course of the pericallosal artery indicates the location of the pericallosal cis- 
tern. This cistern is nearer to the vertex than normally seen. The middle cerebral artery (MA) and the 
lenticulostriate arteries (row of arrowheads) are displaced laterally. Downward depression of the posterior 
cerebral artery (PCA) is difficult to appreciate in this view. 

(C) Venous phase, lateral view. The internal cerebral vein (ICV) is depressed and flattened, especially in 
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mesencephalic vein. The first segment of 
the vein which runs in the roof of the inter- 
peduncular cistern is depressed. The second 
segment located in the interpeduncular 
fossa is depressed and tilted further for- 
ward. The third segment of the vein in the 
midline on the anterior aspect of the upper 
pons bulges forward and comes close to the 
clivus. The anterior ponto-mesencephalic 
vein therefore exhibits an "accordion" de- 
formity (Fig. 9C). The vessels in the pre- 
central cerebellar fissure are displaced back- 
ward. These include the precentral cere- 
bellar vein,!:2? precentral cerebellar ar- 
terial twigs, and the anterior culminate 
segment of the superior cerebellar artery 
(Fig. 9, 4-D; 10, and B; 11, 4 and B; and 
12, Æ and B). As a result, the angle formed 
by these vessels and the straight sinus be- 
comes more acute. 

The third group of angiographic features 
is related to the maintenance of the normal 
relationships of the structures in the lower 
portion of the posterior fossa. The cranial 
and caudal loops and the vermian branch of 
the posterior inferior cerebellar artery are 
normal in location and configuration. The 
inferior vermian vein in the inferior para- 
vermian sulcus is not displaced. 

The last group of angiographic features is 
the absence of shift of the median and 
paramedian vessels. These vessels include 
the pericallosal artery, internal cerebral 
vein, medial posterior choroidal artery, an- 
terior culminate segment and precentral 
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cerebellar arterial twigs of the superior 
cerebellar artery, precentral cerebellar vein, 
vermian branch of the posterior inferior 
cerebellar artery and inferior vermian vein. 


DISCUSSION 


The angiographic features of aqueductal 
stenosis in adults indicate obstructive hy- 
drocephalus of the lateral ventricles, third 
ventricle and upper aqueduct with resul- 
tant compression and downward axial her- 
niation of theupper brain stem and widening 
of the anterior cerebellar notch. In infants 
and young children, however, the upper 
brain stem normally reaches considerably 
higher and is more anteriorly located than 
in the adult in relation to the bony land- 
marks of the base of the skull. Downward 
axial herniation of the flattened upper brain 
stem described above is therefore difficult 
to recognize and apparent kinking of the 
aqueduct is frequently not seen. Bilateral 
frontal or midline frontal tumois or sub- 
dural hematomata with bilateral hippo- 
campal herniation may obstruct the aque- 
duct..192925 Resulting downward axial 
herniation of the upper brain stem may 
produce a picture similar to aqueductal 
stenosis, especially in the lateral angio- 
grams. These, however, should create no 
difficulty in differential diagnosis since the 
angiographic features of the primary supra- 
tentorial lesion are obvious. Moreover, in 
the Towne projection, there is usually side- 
to-side compression of the upper brain stem 





its anterior portion. No localized deformity of the internal cerebral vein is noted. The thalamostriate vein 
(Ts), medial atrial vein (MA), and direct lateral vein (DL) are markedly stretched and elongated. The 
tributaries (Sı and S5) of the septal vein (S) are stretched and separated. The posterior portion of the basal 
vein of Rosenthal (VBR) is normal. The inferior ventricular subependymal vein (IV) is somewhat elevated. 


The splenial vein (Sp) is markedly elevated. 


(D) Venous phase, anteroposterior view. Enlargement of the lateral ventricle is indicated by inferior and 
lateral displacement of the thalamostriate (Ts) and direct lateral (DL) veins. The medial atrial subependy- 
mal tributaries (MA) are stretched and displaced medially and superiorly. The stretched and sepa- 
rated tributaries (Sı and S2) of the septal vein (S) outline the markedly dilated frontal horn. The junction 
(unlabeled arrow) between the thalamostriate and septal veins is displaced laterally indicating enlarge- 
ment of the foramen of Monro. Labeled structures include the splenial vein (Sp), straight sinus (55), and 
the inferior ventricular subependymal tributary (IVV) of the basal vein of Rosenthal (BVR). 
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FIG. 9. Aqueductal stenosis, same case as in Figure 8. Left brachial angiograms. 

(4) Arterial phase, lateral view. The basilar artery (BA) is close to the clivus and its upper end is de- 
pressed. The posterior cerebral artery (PCA) and its branches are stretched, depressed and crowded toward 
the superior cerebellar arteries (SCA). The cisternal portion (Ti) of a thalamo-perforating artery is de- 
pressed and its parenchymal portion (Ts) is somewhat stretched. The choroidal artery (ChA) running in 
the velum interpositum is displaced downward. The superior vermian branch (SV) of the superior cere- 
bellar artery shows an acute angulation at the apex of the cerebellum. The precentral cerebellar artery 
(unlabeled arrowheads) and anterior culminate segment (unlabeled large arrows) are displaced backward. 
Hemispheric branches (H) are also labeled. 

(B) Arterial phase, semi-axial projection. Fine mesencephalic branches (small arrowheads) outline the 
cerebral peduncle, interbrachial sulcus (4), tegmentum and tectum of the mesencephalon. No evidence of 
compression of the mid-brain by external pressure is noted. The supraculminate segment (large unlabeled 
arrows) of the superior vermian branch (SV) on the left is well seen. None of the vessels seen show any dis- 
placement or deformity in this projection. Also labeled are the right anterior inferior cerebellar artery 
(AICA), left posterior inferior cerebellar artery (PICA), superior cerebellar arteries (SCA), and hemispheric 





Fic. 10. Aqueductal stenosis; right brachial angiograms. 

(A) Arterial phase, lateral view. A large sweep of the pericallosal artery (not shown), depression of the 
choroidal arteries (Ch) in the floor (unlabeled double arrowheads) of the lateral ventricle, anterior bulging 
of the basilar artery (BA), depression of its upper end, downward crowding of the stretched posterior cere- 
bral arteries and their branches toward the superior cerebellar arteries, deformed superior vermis outlined 
by the superior vermian branch (row of arrowheads) of the superior cerebellar artery indicate the presence 
of hydrocephalus and downward axial herniation of the compressed upper brain stem. The course of the 
posterior inferior cerebellar artery (PICA) is normal. 

(B) Venous phase. Depression of the internal cerebral vein and elongation and stretching of the thalamo- 
striate vein (Ts) are noted. The anterior portion (unlabeled double arrows) of the basal vein of Rosenthal 
(BVR) is depressed, whereas its posterior portion retains its normal position. The precentral cerebellar vein 
(PcV) is displaced backward and somewhat arched posteriorly. Deformity of the superior vermis is evident 
by crowding of vessels between the straight sinus (SS) and the precentral cerebellar vein. À narrow upper 
pontine cistern is indicated by the decreased distance between the clivus and anterior aspect of the pons 
outlined by a pontine vein (unlabeled single arrow). 


branches (H). The precentral cerebellar artery ( 4) originating from the left hemispheric branch is also 
labeled. 

(C) Venous phase, lateral view. Depression of the vessels running in the cistern of the velum interpositum 
(unlabeled arrow) and an accordion deformity of Segments 1, 2 and 3 of the anterior ponto-mesencephalic 
vein (APMV) are clearly seen. The precentral cerebellar veins (PcV) are arched backward. The deformed 
superior vermis is indicated by the decreased angle between the precentral cerebellar vein and supraculmin- 
ate tributary of the superior vermian vein (SVV). The anastomotic lateral mesencephalic vein (LMY) con 
nects the basal vein of Rosenthal (BVR) with the brachial tributary (BV) of the petrosal vein. Downward 
axial herniation of the compressed upper brain stem is suggested from this picture. 

(D) Venous phase, Towne projection. The precentral cerebellar vein (PcV) and its brachial tributaries 
(BV^, the brachial tributaries (BV) of the petrosal veins (PV) are clearly visualized. The vein of the 
lateral recess (double arrowheads) joins the petrosal vein on each side. The vertical portion of the anastom- 
otic lateral mesencephalic vein (LMV) is located somewhat more laterally than usual. There is no lateral 
shift of any midline structure and the vessels are symmetric. The basal vein of Rosenthal (BVR) is also 


labeled. 





Huang, Wolf, Antin, Okudera and Kim 


FIG. 11. Aqueductal stenosis; left brachial angiograms. 
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(4) Arterial phase, lateral view. The basilar artery (BA) is close to the clivus and the posterior cerebral 


artery and its branches are crowded toward the supe 
segment (row of unlabeled arrows) is displaced back 


artery (PICA) takes a normal course. 


rior cerebellar artery (SCA). The anterior culminate 
ward and flattened. The posterior inferior cerebellar 


(B) Venous phase. Depression of the internal cerebral vein (ICV) and of a vein running in the roof of the 
interpeduncular cistern ($) and anterior bulging of the pontine vein (+) are evident. The precentral cere- 
bellar vein (PcV) is stretched, flattened, posteriorly displaced and elongated. The vertical portion of the 


lateral mesencephalic vein (LMV) appears tilted forward 


evident by medial displacement of cir- 
cummesencephalic vessels. Posterior fossa 
tumors including fourth ventricle tumors!’ 
produce enlargement of the lateral and 
third ventricles but with marked elevation 
of the superior cerebellar arteries and their 
branches. In addition, displacement and 
deformity of other vessels in the posterior 
fossa are usually seen in these cases. 

Since cerebral angiograms cannot visual- 
ize the cerebral aqueduct per se, tumors 
which cause symmetric pressure hydro- 
cephalus (e.g., tumors of the septum pelluci- 
dum, third ventricle, tectum and pineal 
regions) create problems in diagnosis. Dif- 
ferential diagnosis may be impossible if 
these tumors are too small to produce dis- 
placement of neighboring vessels. Septum 
pellucidum tumors, if large enough to cause 
displacement of vessels, usually produce 
shift and local deformity of the septal veins 
and the anterior part of the internal cere- 
bral veins. Tumors of the third ventricle 
may cause upward displacement of the 


internal cerebral vein, often with a local 
bulge. Pinealomas elevate the posterior 
part of the internal cerebral vein and the 
vein of Galen, and displace the medial pos- 
terior choroidal arteries? In expanding 
tectal and pretectal tumors, pronounced 
posterior displacement and arching of the 
precentral cerebellar vessels associated with 
elevation of the vein of Galen are usually 
seen (Fig. 13, 4-D). The thalamo-perforat- 
ing arterles in these cases are often an. 
teriorly displaced. 

It should be emphasized that, since the 
absence of angiographic evidence of a mass 
lesion does not exclude a small periaque- 
ductal tumor, contrast studies should be 
done to delineate the aqueduct. A minute 
shift or deformity demonstrated in such 
studies will ordinarily indicate the presence 
of a local neoplastic process. Every effort 
should be made to exclude neoplasm since 
the prognosis is obviously much poorer 
than in simple aqueductal obstruction. 
Moreover, radiotherapy in cases of neo- 
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Angiographic Features of Aqueductal Stenosis 


Fic. 12. Aqueductal stenosis; right brachial angiograms. Plain roentgenogram of the skull showed ballooning 


of the sella suggesting an intrasellar mass. 


(A) Arterial phase, lateral view. The tip of the basilar artery (¥) is depressed and bent forward due to 
the enlarged third ventricle. The anterior culminate segment (unlabeled arrowheads) is faintly seen and 
displaced backward. A large sweep of the pericallosal artery (not shown) and depression and stretching of 
the posterior cerebral arteries and their branches are noted. The course òf the posterior inferior cerebellar 


artery (unlabeled long arrow) is normal. 


(B) Venous phase. An accordion deformity of the anterior pontomesencephalic vein (row of unlabeled 
single arrowheads), posterior displacement of the precentral cerebellar vein (PcV), and depression of the 
internal cerebral vein (ICV) are present. The diagnosis of aqueductal stenosis was suggested and confirmed 
subsequently by contrast studies. Despite the ballooned sella (row of unlabeled double arrowheads), therc 


was no evidence of a sellar neoplasm. 


plasm may result in significant palliation. 

Congenital anomalies other than aque- 
ductal stenosis may also produce sym- 
metric hydrocephalus. In the Dandy- 
Walker syndrome, the posterior inferior 
cerebellar arteries are displaced forward 
and upward and separated from each other, 
whereas in Arnold-Chiari malformation, 
the posterior inferior cerebellar artery or 
arteries are displaced downward. It should, 
however, be added that aqueductal stenosis 
and hydrocephalus are not infrequently 
assoclated with the Arnold-Chiari mal- 
formation. 


SUMMARY 


1. The diagnosis of simple aqueductal 
obstruction in adults can usually be sus- 
pected from cerebral angiography, provided 
both supra- and infra-tentorial vessels are 
well opacified. The morphologic changes 


seen in aqueductal stenosis are the result of 
marked pressure hydrocephalus involving 
the lateral ventricles, the third ventricle 
and upper portion of the aqueduct above 
the obstruction with resultant downward 
axial herniation and compression of the 
upper brain stem. Narrowing of the an- 
terior basal cisterns and dilatation of the 
posterior basal cisterns at the tentorial 
notch are usually marked. 

2. The angiographic features faithfully 
reflect the morphologic changes and are 
described in detail. 

3. A characteristic deformity of the 
superior vermis demonstrated by changes 
in the course of the precentral cerebellar 
vein and of branches of the superior cere- 
bellar artery is described and illustrated. 

4. Although the angiographic features of 
simple aqueductal obstruction in adults 
are characteristic, contrast studies are 
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1G. 13. Tumor involving the posterior third ventricle and superior colliculi. 

(4) Right brachial angiogram, arterial phase, lateral view. A large sweep of the pericallosal artery and its 
branches, depression and stretching of the posterior cerebral artery (PCA) and its branches, decreased dis- 
tance between the posterior cerebral artery and the superior cerebellar artery (SCA), anterior bowing of 
the basilar artery (BA), and depression of its distal end are evident. There is marked deformity of the su- 
perior vermis outlined by the superior vermian branch (row of arrowheads) of the superior cerebellar artery. 
These findings are consistent with aqueductal stenosis. 

(B) Venous phase, same case. Marked posterior displacement of the precentral cerebellar vein (row of 
arrowheads) is noted. The lower portion of the vein shows a localized deformity due to posterior arching. 
The thalamostriate tributary (unlabeled large arrow) of the internal cerebral vein (ICV) is markedly 
stretched and elongated. The internal cerebral vein maintains its normal sinuous course. However, local- 
ized elevation of its posterior portion (4) raises the possibility of a mass lesion. The basal vein of Rosenthal 
(unlabeled small arrow) retains its normal course. 

(C) Pneumoencephalogram, lateral view. Visualization of the fourth ventricle (4V) and nonvisualization 
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required for exact delineation of the aque- 
duct in order to make every effort to 
exclude the presence of neoplasm. 


Bernard S. Wolf, M.D. 
Department of Radiology 
'The Mount Sinai Hospital 
11 East 1ooth Street 

New York, New York 10029 
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Dr. Paul Anderson of the Department of 
Neuropathology for his assistance and 
encouragement in the conduct of this 
study. 


REFERENCES 


. AzaAMBUJA, N., LiNpGnEN, E., and SJÖGREN, S. 
Tentorial herniations. Acta radiol., 1956, 46» 
215—241. 

. Benner, M. B., and Savirsky, N. Paralysis of 
divergence. Arch. Ophth., 1940, 23, 1046-1051. 

. Dracuman, D. A., and Ricnanpsow, E. P., JR. 
Aqueductal narrowing, congenital and ac- 
quired: critical review of histologic criteria. 
A.M.A. Arch. Neurol. & Psychiat., 1961, 5, 
552—559. 

. Ecoxowos, D., and Prosatentis, A. L'artére 
cerebelleuse supérieure dans les tumeurs de la 
fossa postérieure. Acta radiol. (Diag.), 1963, 7, 
267-277. 

, Gattoway, J. R., Greirz, T., and SJÖGREN, 
S. E. Vertebral angiography in diagnosis of 
ventricular dilatation. Acta radiol. (Diag.), 
l 964, 2, 321-333: 

. Gronus, J. H., and Bercman, P. Atresia and 
stenosis of aqueduct of Sylvius. Y. Neuropath. 
E Exper. Neurol., 1946, 5, 342-363. 

7. Grar, C. Angiomatous malformation of sylvian 
aqueduct with remarks on management of 
aqueductal abstructions. 7. Neuropath. e 
Exper. Neurol., 1946, 5, 43-53- 


Angiographic Features of Aqueductal Stenosis 107 


. Hara, K., and Fuyrno, Y. Thalamoperforate 


artery. Acta radiol., 1966, 5, 192-200. 


. Huane, Y. P., and Worr, B. S. Angiographic 


features of pericallosal cistern. Radiology, 
1964, 42, 14-253. 


. Hvaxg, Y. P., and Worr, B. S. The vein of the 


lateral recess of the fourth ventricle and its 
tributaries. AM. J. HRorewrGENoL, Rap. 
THERAPY & NucrLEAR MED., 1967, ZOZ, I-21. 


. Huana, Y. P., and Worr, B. S. Veins of poste- 


rior fossa—superior or galenic draining group. 
Am. J. RorwNrGENOL, Rap. THERAPY & 
NucLEAR MED., 1965, 65, 808-821. 


. Huaxc, Y. P., and Worr, B. S. Precentral cere- 


bellar vein in angiography. deta radiol., 1966, 
5$, 250-262. 


. Huana, Y. P., and Worr, B. S. Figure eleven 


was part of exhibit at the Seventh Interna- 
tional Neuroradiological Symposium, 1964, 
New York City. 


. JEFFERSON, A., and SHELDON, P. Transtentorial 


herniation of brain as revealed by displace- 
ment of arteries. Acta radiol., 1956, 46, 480- 
498. 


. Jouanson, C. Central veins and deep dural si- 


nuses of brain: anatomical and angiographic 
study. Acta radiol., 1954, Suppl. 107, 1-184. 


. Jounson, R. T., and Yares, P. O. Clinico- 


pathological aspects of pressure changes at 
tentorium. Acta radiol., 1956, 40, 242—249. 


7. Kaptan, H. A., and Forp, D. H. The Brain 


Vascular System. Elsevier Press, Inc., Amster- 
dam, 1966. 


. KnavEeNBÜHL, H., and Yasarait, M. G. Die 


zerebrale Angiographie. Georg Thieme Verlag, 
Stuttgart, 1965. 


. Litrequist, B. Encephalographic changes in 


axial pressure cone syndrome. Acta radiol., 
1960, 54, 369-378. 


. LixpGnEN, E. Radiological examination of brain 
, g 


and spinal cord. Acta radiol., 1957, Suppl. 151. 


. Lorcren, F. O. Vertebral angiography in diag- 


nosis of hydrocephalus and differentiation be- 





of the third and lateral ventricles are characteristic of aqueductal obstruction. The roof (1) of the inter- 
peduncular cistern is markedly depressed, the interpeduncular fossa (2) is tilted forward and the anterior 
aspect of the upper pons (3) bulges forward. The posterior wall (row of arrowheads) of the precentral cere- 
bellar fissure is displaced backward by the inferior colliculi (I). The superior colliculi (S) are prominent. 
'The deformed superior vermis is outlined by air in the superior cerebellar cistern (Y) and in the precentral 
cerebellar fissure and quadrigeminal cistern. Elevation of the cistern of the velum interpositum (CVI), as 
well as prominence of the superior colliculi, would be unusual in simple aqueductal obstruction. Also 
labeled are the parieto-occipital fissure (PoF), calcarine fissure (CF), and wing of the ambient cistern (W). 

(D) Pantopaque ventriculogram. Both occipital horns, posterior third ventricle (3V), aqueduct and upper 
portion of the fourth ventricle (4V) are visualized. There is a semicircular defect (row of unlabeled arrow- 
heads) involving the posterior third ventricle and the upper portion of the aqueduct. The aqueduct is 
markedly narrowed. There was no lateral displacement of the third ventricle or aqueduct in the antero- 
posterior projection (not shown). The calcified pineal gland (Pi) is unusually far from the aqueduct. The 
ventriculogram demonstrated that a posterior third ventricle mass was the cause of aqueductal obstruction. 
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ROENTGENOGRAPHIC ANATOMY OF THE 
PERICALLOSAL ARTERIES* 


By B. ALBERT RING, M.D., and MARGARET M. WADDINGTON, M.D. 


BURLINGTON, VERMONT 


HE major arteries running in the inter- 

hemispheric fissure are valuable angio- 
graphic landmarks in detecting lateral dis- 
placement of the cerebral hemispheres, but 
they are considered so variable in filling and 
manner of division as seen in the lateral 
projection that they are seldom studied in 
detail. There is no unanimity of opinion as 
to the proper name for these vessels; the 
American and more common designation 1s 
that of anterior cerebral, divided, as stated 
by Taveras and Wood" into the horizontal 
and vertical limbs. Lindgren^? limits the 
term anterior cerebral to that portion of the 
artery between internal carotid and an- 
terior communicating artery and calls the 
midline vessel the pericallosal. Lindgren's 
terminology is used in this paper from per- 
sonal preference as it seems less likely to 
cause confusion, and the entire complex of 
midline arteries 1s referred to as the peri- 
callosal group. 

'There are many descriptions of the ana- 
tomy of the pericallosal vessels in the litera- 
ture, Among the many anatomic works, 
that by Critchley? is perhaps the most 
widely quoted. More recently the vessels 
were described by Baptista, and in the 
radiologic literature by LeMay and Good- 
ing.’ In current neuroradiologic texts, there 
is general agreement on a terminology of 
pericallosal, callosomarginal and fronto- 
polar branches, with additional branches 
named by some authors. In some texts of 
neuroanatomy the branches are given 
names in great detail, but this is discour- 
aged by Grietz and Lindgren? as it gives the 
erroneous impression that the branches are 
constant. 

The following study was carried out as a 
continuation of anatomic and roentgeno- 
graphic studies originally confined to the 


middle cerebral artery.’ The previous 
studies led to the belief that the vessels are 
better understood, easier to identify and 
absence of vessels more definitely estab- 
lished by considering the areas supplied by 
the vessels rather than the vessels them- 
selves. The material consisted of dissection 
of so cerebral hemispheres from the De- 
Goesbriand Memorial and Mary Fletcher 
Units of the Vermont Medical Center Hos- 
pitals, and tracing of 100 normal carotid 
angiograms, in which the pericallosal ves- 
sels were adequately filled, from the Radio- 
logy Department of the University of Ver- 
mont and affiliated hospitals. The areas to 
be considered are the inferior surface of the 
frontal lobe, the frontal pole, the superior 
portion of the superior frontal gyrus, the 
paracentral lobule, the marginal ramus, the 
precuneus and the corpus callosum (Fig. 1; 
2; and 3). As far as possible, the names 
given to vessels are limited to those com- 
monly in use; the orbital, frontopolar, 
callosomarginal and pericallosal. 


ORBITAL ARTERY 


It is generally agreed that the orbital 
arteries are difficult to see on angiograms, 
and in only 17 of 100 angiograms was 1t 
possible to unequivocally identify these 
branches. Consequently, the figures given 
are based on brain dissections. This vessel 
or vessels supply the gyrus rectus and the 
orbital surface of the frontal lobe and la- 
terally overlap the area supplied by the 
orbitofrontal branches of the middle cere- 
bral artery. A single vessel was present in 
36 hemispheres, 2 vessels in 6, and multiple 
vessels in 2. In 6 hemispheres the orbital 
artery was absent. In 2 of the 6, the area 
was supplied by the contralateral orbital 
artery and in the other 4 the area was 


* From the Department of Radiology, University of Vermont College of Medicine, Burlington, Vermont. 
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l'1G. 1. Schematic drawing of the medial aspect of 
the hemisphere, scaled to angiogram in subsequent 
illustration, showing areas and landmarks. 


GR —Gyrus rectus (supplied by orbital ar- 
teries) 
FP — Frontal pole 

SIG —Superior portion, superior frontal gyrus 
PCL — Paracentral lobule 

MR = Marginal ramus 

PCUN = Precuneus 

POF = Parieto-occipital fissure 

CUN = Cuneus 


LG = Lingula gyrus 


supplied by unusually large orbitofrontal 
branches of the middle cerebral artery. The 
orbital arteries were found to arise from the 


PIG. Bi 
pericallosal, middle and posterior cerebral arteries. 
This patient subsequently died of noncentral sys- 


tem causes. 


Normal carotid angiogram with filling of 
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pericallosal artery in 25 hemispheres, from 
the frontopolar in 16, and in cases of mul- 
tiple vessels from both. The course of the 
vessel or vessels was on the medial aspect of 
the hemisphere in 22 hemispheres, on the 
inferior surface of the frontal lobe in 11, and 
with vessels in both places in 17. On oc- 
casions, the orbital branch was unusually 
large and sometimes extended upward to 
supply the frontal pole. 


FRONTOPOLAR ARTERY 

The typical frontopolar artery was found 
the exception rather than the rule. In only 
one third of the angiograms (32 of 100) was 
such a vessel, arising from the pericallosal 
artery and passing anteriorly to the frontal 
pole, encountered. In the majority of cases, 
the area of the frontal pole was supplied 
either from more than one source or from 
recurrent vessels that passed downward to 
the frontal pole. Some artery supplying the 
frontal pole was found in all cases, how- 
ever. In the majority, 84 per cent of dis- 
sections, this arose from the pericallosal 
artery. [n 16 per cent of dissections there 
was a branch to the frontal pole either 


Fic. 3. Schematic drawing of pericallosal and pos- 
terior cerebral arteries from previous angiogram, 
the middle cerebral is omitted with the exception 
of the artery in the central sulcus. A portion of a 
template, outlining the area of the posterior pari- 
etal artery 1s included to show relationships. The 
central sulcus artery and the artery to the para- 
central lobule are in solid black, the dotted vessel 
runs in the marginal ramus. The anatomy was 
confirmed on postmortem dissection. 
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arising from the callosomarginal artery or 
from a vessel supplying primarily the 
superior portion of the superior frontal 
gyrus. In 10 per cent of dissections, the 
frontopolar artery was very large, supply- 
ing a large portion of the anterior aspect of 
the frontal lobe with branches extending 
down to the orbital surface and up to the 
superior portion of the superior frontal 
gyrus. Conversely, in 14 per cent of dissec- 
tions, the frontopolar artery was smaller 
than the orbital arteries and the frontal 
pole supplied primarily by orbital branches. 
[n 2 cases a supplementary blood supply to 
the frontal pole came from a large fronto- 
polar vessel on the opposite hemisphere. 
Even when the frontopolar artery was of 
typical appearance its origin varied from 
just above the anterior communicating 
artery to high up on the ascending limb. 
'The lateral extension of this vessel may be 
appreciable and branches were found ex- 
tending laterally over the frontal pole for as 
much as 2 inches. 


SUPERIOR FRONTAL GYRUS 


'The blood supply to the superior frontal 
gyrus above the level of the frontal pole and 
anterior to the paracentral lobe is so vari- 
able that it is pointless to enumerate all 
possibilities. There may be one well defined 
branch from the pericallosal artery or 2 or 3 
smaller branches from the callosomarginal. 
When a large vessel is present, it may ex- 
tend to the lateral aspect of the hemisphere 
and run directly posteriorly to the pre- 
motor area in the sulcus between superior 
and middle frontal gyrus. 

The area may be supplied in part by 
extensions of large frontopolar vessels and 
on occasions, as previously noted in studies 
of the middle cerebral artery, the orbito- 
frontal or the anterior portion of operculo- 
frontal branches of the middle cerebral 
artery may supplement the blood supply in 
this area. 

In general, there is an inverse size rela- 
tionship existing between the orbital ar- 
teries, the frontopolar, the vessels supply- 
ing the superior portion of the superior 


Roentgenographic Anatomy of the Pericallosal Arteries 


[III 


frontal gyrus and the orbitofrontal 
branches of the middle cerebral artery. The 
areas of distribution of these vessels overlap 
and a deficiency in size of primary vessels to 
any one area is compensated by supple- 
mentary vessels from elsewhere. 


CALLOSOMARGINAL ARTERY 


The callosomarginal artery arises from 
the pericallosal artery on the ascending 
limb or at the top of the curve of the peri- 
callosal artery as it courses around the 
corpus callosum, and runs for an appreci- 
able distance in the cingulate sulcus to ter- 
minate in the paracentral lobule. It seems 
preferable to confine the term callosomar- 
ginal artery to one that follows this course 
completely, since if the typical artery is 
absent, there are often several branches 
that take a similar course for short dis- 
tances and to attempt to Identify any one 
of these with a specific name is meaningless 
and confusing. The callosomarginal artery, 
or in its absence, branches simulating it, 
never cross the marginal ramus although 
they may occasionally send terminal 
branches up the ramus to the convexity. 

While the callosomarginal artery is a well 
recognized landmark in neuroradiology it 
occurs in only a minority of cases, and was 
present in only 40 per cent of dissections 
and 36 per cent of angiograms. When this 
artery does not exist as such there are 
usually multiple vessels arising from the 
pericallosal artery supplying the frontal 
pole, the more superior portion of the 
superior frontal gyrus and the paracentral 
lobule. In 4 dissections a vessel simulating 
the callosomarginal in all respects except 
length was found that terminated in the 
proximal portion of the paracentral lobule 
with additional branches arising from the 
pericallosal artery to supply the distal 
portion. 


PARACENTRAL LOBULE 


The paracentral lobule is comprised of 
the pre-motor, motor and sensory strip, 
consisting of 3 gyri, demarcated anteriorly 
by the termination of the superior frontal 
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gyrus and posteriorly by the marginal 
ramus. This area extends over a length of 
from 13-2 inches and is quite constant in 
length as opposed to the precuneus that 
shows marked variation. The anterior 
boundary can be approximated on angio- 
grams as being in line with the coronal 
suture. The area is important clinically, 
being involved with leg movements, and 
angiographically, as its blood supply is 
quite constant and easy to see. It is genera- 
ally agreed that this area is supplied pri- 
marily by the callosomarginal artery as was 
the case in our material when the calloso- 
marginal artery existed as such, which oc- 
curs in about 40 per cent. In about an equal 
number, with good agreement between 
angiograms and dissections, a single large 
vessel arose from the pericallosal distal to 
the curve around the corpus callosum to 
supply the area. Since a single large vessel 
to this area is present in some 80 per cent of 
the cases it would seem worthy of a name, 
and Taveras and Wood" and Chase, in 
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Schobinger and Ruzicka’s text? use the 
term paracentral branch. In the remaining 
20 per cent there were 2 good sized feeding 
vessels from the pericallosal artery, 1 of 
which passed for a short distance in the 
cingulate sulcus. 

A very significant finding in all cases was 
that, whether the area was supplied by a 
typical callosomarginal artery—1 large 
branch directly from the pericallosal ar- 
tery or 2 smaller branches from the same 
source—1 good sized vessel always entered 
the area from in front (Fig. 4). Since the 
approximate anterior limits of the para- 
central lobule can be determined from its 
relationship with the coronal suture, the 
absence of a good sized branch crossing the 
suture above the usual level of the peri- 
callosal artery to terminate in the para- 
central lobule is diagnostic of an occlusion, 
even though there may be a satisfactory 
blood supply to the posterior portion of the 
area. The only exceptions are in cases in 
which the pericallosal artery itself ter- 


Mw. 


I'1G. 4. Schematic drawing of form of blood supply to the paracentral lobule, percentages based on brain dis- 
sections. Note that in all cases a vessel supplying the paracentral lobule enters the area from in front. 


A=8 per cent 
D= 42 per cent 


B=12 per cent 
E=14 per cent 


C — 20 per cent 
F= 4 per cent 
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minates in the paracentral lobule (Fig. 9) 
there is incomplete filling, or there are 
gross anomalies. 


PERICALLOSAL ARTERY AND PRECUNEUS 


The pericallosal artery may be termed 
the parent vessel of the entire pericallosal 
group as it ordinarily gives rise to the other 
branches. Anomalies of the pericallosal 
artery have been described by Baptista, 
and LeMay and Gooding? among others. A 
true azygous artery that arises from both 
anterior cerebral arteries and supplies both 
hemispheres while continuing as a single 
vessel is normal in the rabbit but rare in 
man. A condition in which one pericallosal 
artery is vestigial and both hemispheres 
supplied primarily by its mate is more 
common and was found by Baptista’ in 
over Io per cent. Two such cases of a bi- 
hemispheric pericallosal artery were found 
in the 25 brain dissections. The course of 
the pericallosal artery is roughly parallel to 
the lamina terminalis and corpus callosum 
although there is considerable variation 
and the vessel may at times run as high as 
the cingulate gyrus. The combination of a 
high pericallosal artery anteriorly and one 
closely applied to the corpus callosum pos- 
teriorly may give an appearance simulating 
stretching and downward displacement. 
The artery may meander laterally in the 
fissure, at times sufficient to simulate dis- 
placement, but never enters the depths of 
the sulci as does the callosomarginal artery. 
Variations in the curve of this vessel around 
the corpus callosum have been illustrated 
by Grietz and Lindgren? and by Wilson.’ 
Tönnis e£ a7. divided the patterns of this 
curve into 3 groups, but in this series, with 
close agreement between dissections and 
angiograms, it seemed preferable to con- 
sider 4 basic types that occur with 
roughly equal frequency; these being the 
“humped,” with either one or two humps, 
an acute angle, a gentle curve, or a square 
"pig nosed" anterior projection. In about 
5 per cent there appeared to be combina- 
tions of these patterns. The relationship of 
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the most anterior portion of the pericallosal 
artery to the cranial vault was studied by 
lFriedenberg and colleagues,’ but the range 
of normal variation was found so great that 
measurements were of no value in deter- 
mining anterior or posterior displacement. 

Unlike the callosomarginal arterv or 
other branches to the paracentral lobule 
that do not cross the marginal ramus, the 
pericallosal artery ordinarily terminates in 
the precuneus. In 5o per cent of brain dis- 
sections, the pericallosal artery was found 
to trifurcate at the marginal ramus, one 
branch running up the marginal ramus, one 
continuing more or less in line with the 
corpus callosum and the third running pos- 
teriorly and upward over the precuneus. 
The angiographic findings were somewhat 
different, probably because smaller vessels 
could be found at dissection than on angio- 
grams. Angiographically, the most common 
termination was a Y-shaped division, with 
one branch, usually the larger, going up the 
marginal ramus. This was found 1n 51 per 
cent of angiograms and the trifurcation 
seen only in a minority. More often the 
pericallosal artery continued as a single 
vessel posterior to the marginal ramus. In 
dissections, the pericallosal artery ter- 
minated at the level of the marginal ramus 
in 3 hemispheres (6 per cent), but in these 
cases the precuneus was supplied by a 
branch from the opposite pericallosal ar- 
tery. Such a condition was found by Vander 
Eeeken? in 12 of 92 brains (6.6 per cent 
of hemispheres) and is the usual arrange- 
ment in the horse. In view of this latter 
fact, Soule!? suggested that if a name for 
this vessel is desired, it might be called the 
“hippoid” branch (Fig. 10; and 11). 

The extent of the pericallosal artery be- 
hind the marginal ramus is quite variable 
and has an inverse size relationship with 
the branches from the parieto-occipital 
branch of the posterior cerebral artery. The 
posterior continuation of the pericallosal 
artery, if large, may give rise to several 
good sized branches that pass up over the 
precuneus to reach the convexity or it may 
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lic. c. Schematic drawing of the artery in the mar- 
ginal ramus, percentages based on brain dissec- 
tions. 


A= $0 per cent B — 6 per cent 


end in numerous small twigs continuing 
posteriorly around the corpus callosum. 
When the pericallosal artery is large it ex- 
tends to the lower limits of the parieto- 
occipital fissure. An artery in this fissure 
was found in all dissections, but this was 
invariably from the posterior cerebral and 
not the pericallosal artery. A terminal 
branch of the pericallosal artery in the 
parieto-occipital fissure was described by 
Critchley? as occurring in the baboon, and 
judging from illustrations in the majority 
of texts and the current literature, the 
human brain is assumed to be the same. 
With no disrespect for the baboon, we feel 
that this is an error of anatomic fact that 
should not be perpetuated. 
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MARGINAL RAMUS 


A well defined vessel in the marginal 
ramus is more consistent than either the 
typical frontopolar or pericallosal artery, 
being found in 56 per cent of brain dissec- 
tions (Fig. 5) and 60 per cent of angio- 
grams, but this landmark has been ne- 
: 


glected in neuroradiology probably because 
It 1s not easy to differentiate this vessel 
from others that leave the interhemispheric 
fissure and pass up and out to terminate on 
the convexity. Branches to the paracentral 
lobule in front of the marginal ramus and 
those from the pericallosal to the pre- 
cuneus behind 1t may have a similar con- 
figuration and occasionally, as in the illus- 
trative case, branches arising distal to the 
marginal ramus may curve anteriorly, 
crossing the ramus and adding to the con- 
fusion. We have found it possible to ident- 
ify the vessel in the marginal ramus on 
many angiograms by its relationship with 
the central sulcus artery (Fig. 6-8). In a 
template of the branches of the middle 
cerebral artery previously described, 9! 


lic. 6. Right carotid angiogram on a patient with 
acute stroke and left hemiparesis, most pro 
nounced in the leg. There is absence of the posterior 
parietal branch of the middle cerebral but in addi- 
tion there is a deficiency of branches to the an- 
terior portion of the paracentral lobule diagnostic 
of an occlusion. One tiny twig is seen in the area. 
On subsequent angiograms, there was stasis in a 
small posterior temporal branch indicative of a 
third occlusion. 
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the line separating the area of the posterior 
parietal and central sulcus arteries, if con- 
tinued upward is a fair reference for the 
marginal ramus. Since this relates a lateral 
with a medial structure it is only valid in 
angiograms that are well centered and true 
laterals. Without resorting to templates, 
the central sulcus artery may be identified 
as the last branch of the ascending frontal 
artery just anterior to the posterior parietal 
artery. Another aid in locating this vessel 
may be obtained by a simple maneuver 
that we have termed "the 3 finger tem- 
plate." The ring finger is placed an esti- 
mated 1 inch from the inner table on the 
axis of the sylvian vessels, the index finger 
at the tuberculum sellae and the middle 
finger midway between the 2. The central 
sulcus artery will arise either under or just 
above and in front of the middle finger and 
the course of the central sulcus can be esti- 


Fic. 7. Schematic drawing of pericallosal vessels of 
previous case with middle cerebral artery omitted 
except for the central sulcus artery. The lines are 
part of a template previously described to outline 
the areas of termination of branches of the middle 
cerebral artery. The small accessory artery around 
the corpus callosum is frequently associated with a 
high position of the pericallosal. The pericallosal 
artery gives off one large branch to the paracen- 
tral lobule, this branch bifurcates and the more 
posterior branch runs up the marginal ramus to 
pass over the convexity just behind the axis of the 
central sulcus artery, crossing the line separating 
the areas of the posterior parietal and central sul- 
cus arteries. The pericallosal itself terminates in the 
precuneus. 


Roentgenographic Anatomy of the Pericallosal Arteries 


Fic. 8. View of the cervical portion of 
the carotid artery of the same patient 
as shown in Figures 6 and 7. There is 
a large filling defect in the carotid 
sinus responsible for the multiple 
emboli. This case was chosen for 1l- 
lustration as it shows several exam- 
ples of significant normal and ab- 
normal anatomy. 


mated from the course of the artery (or 
arteries) in it. The vessel in the marginal 
ramus reaches the convexity just behind 
the central sulcus and has a similar course 
but usually with a greater posterior inclina- 
tion. The vessel running in the marginal 
ramus is usually a branch of the pericallosal 
and this was found in 5o per cent of brain 
dissections. The callosomarginal artery 
terminated in the marginal ramus in 6 per 
cent of dissections. Similar findings were 
encountered in the angiograms. 


CORPUS CALLOSUM 


The corpus callosum ordinarily receives 
its blood supply directly from the pericallo- 
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lic. 9. Normal right carotid angiogram. The peri- 
C Tm al artery is small and terminates in the para- 
central lobule. 


sal artery, but when this vessel has a high 
position in the interhemispheric fissure 
there is often a supplementary vessel run- 
ning in close approximation to the corpus 
callosum. Such a vessel was present in 34 
angiograms and 10 hemispheres, and when 
occurring with a well developed calloso- 
marginal artery may be seen as the most 
inferior of 3 parallel vessels. 

The total number of branches from the 
pericallosal artery above the anterior com- 
municating ranged between 2 and 5 in 98 
per cent of angiograms, there being 2 cases 
with 7. Smaller branches were recognized 
on dissections but in the 25 brains, 64 per 
cent had from 4 to 6 branches and in only 

I brain were more than 8 branches present. 


DISCUSSION 
The difficulties in recognizing normal 
anatomy of the pericallosal vessels have 
been emphasized to the point that the 
possibilities have been submerged in a sea 
of pessimism. In brief, the difficulties can 
be summarized as follows: 


The pericallosal group, with the possi- 
 bility of a dual blood supply, are not 
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end arteries and there may be incom. 

plete filling with streaming etfects and 

nonfilling of normal branches. 

Total nonfilling of the pericallosal 

arteries, for various reasons, is a com- 
mon occurrence and if both are filled 
from 1 carotid artery there 
fusing overlap. 
Although a single pericallosal artery 
Is rare, one may be small and both 
hemispheres supplied by the opposite 
group of vessels in the order of 10 
per cent of cases. 
The orbitofrontal vessels are seldom 
seen, occasionally the orbitofrontal 
and frontopolar areas are partially 
supplied by the opposing hemisphere 
and the precuneus has a very variable 
blood supply that may be primarily 
from either pericallosal or the poste- 
rior cerebral arteries, or in some 6 or 

7 per cent from the oiala ceia perl- 

callos: il artery. 

On the positive side are the following facts: 
The pericallosal vessels on the in- 
lected side areopacified without opaci- 


IS a CON- 


l'1G. 10. Left carotid angiogram on the same patient 


as in ligure g. There is a prominent calloso- 
marginal artery supplying the paracentral lobule. 
The pericallosal artery is large and extends well 


beyond the marginal ramus into the precuneus. 
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fication of the opposite vessels in the 
majority of cases. 

. The anomalies such as bi-hemispheric 

arteries can be recognized in the fron- 
tal projections. 
Although both anteriorly and poste- 
riorly there may be blood supply 
from the opposing hemisphere, this 1s 
not the case with the areas in between 
except in the presence of gross ano- 
malies that are recognizable in fron- 
tal projections. 

. The marginal ramus is outlined by 
an artery in over half the cases and 
this can often be recognized from its 
relation with the arteries in the cen- 
tral sulcus. 

After discounting the nonfilling and 
the bi-hemispheric arteries there are 
still a great majority of cases in which 
the blood supply to the superior por- 


Fic. 11. Frontal projection of same examination as in 
Figure 10. There is filling of only the large left 
pericallosal artery, and distally a “hippoid”’ 
branch is seen arising from the left pericallosal and 
supplying the precuneus on the right. 


Roentgenographic Anatomy of the Pericallosal Arteries 


117 


tion of the superior frontal gyrus and 
the paracental lobule 1s constant and 
easily recognizable. 


The application of this knowledge is pri- 
marily in the field of cerebrovascular dis- 
ease but not limited to this condition. The 
recognition of absent branches is not as 
simple as in the area of the middle cerebral 
artery and necessitates good correlation be- 
tween anteroposterior and lateral angio- 
grams, and sometimes a study of the 
opposite carotid system, but in many cases 
at least this can be done. While the peri- 
callosal vessels are not involved in occlu- 
sive processes as frequently as the branches 
of the middle cerebral artery they may be 
of considerable clinical importance when 
involving the motor area of the paracentral 
lobule. Neurologic changes produced by 
involvement of the motor cortex tend to 
obscure lesions in other areas, as is exemp- 
li&ed by the case used for illustration in 
Figures 6-8 in which there were multiple 
occlusions. The most obvious of these was 
that of the posterior parietal branch of the 
middle cerebral artery, while the occlusion 
involving the paracentral lobule was par- 
tial and onlv in the anterior portion. How- 
ever, the predominant neurologic finding 
was a hemiparesis most marked in the leg. 

Recognizing occlusions of the pericallo- 
sal branches in the relatively clinically 
silent areas apart from the paracentral 
lobule may be helpful in a secondary man- 
ner by suggesting the etiology of other more 
obvious occlusions. The finding of multiple 
occlusions point toward emboli, as in the 
illustrative case, or less often, an arteritis 
or blood disease, particularly the hemolytic 
anemias. 

A detailed knowledge of the vessels sup- 
plying the various areas is a preoperative 
aid to the neurosurgeon by enabling him 
to establish definite anatomic landmarks, 
and in cases in which the artery in the 
marginal ramus can be identified a precise 
boundary between frontal and parietal 
lobes is established. As in all areas, an ap- 
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preciation of the details of anatomy is help- 
ful in recognizing displacements, particu- 
larly by the small subcortical mass lesions 
that cause only a local arterial distortion. 


SUMMARY 


The anatomy of the pericallosal arteries 
Is described with emphasis on the areas 
supplied by the branches rather than the 
arteries. themselves. Although variations 
are common, the blood supply to the para- 
central lobule is quite constant and easy 
to see. An artery running up the marginal 
ramus is present in about 60 per cent of 
individuals and in many cases can be iden- 
tified from its relation to the arteries in the 
central sulcus. 

Knowledge of the detailed anatomy of 
these vessels is especially helpful in the 
diagnosis of occlusive cerebrovascular dis- 
ease. 


B. Albert Ring, M.D. 

Medical Center Hospital of Vermont 
Mary Fletcher Unit 

Burlington, Vermont 05401 
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HYPERTONIC MANNITOL AS A TREATMENT FOR 
COMPLICATIONS OF CEREBRAL ARTERIOGRAPH Y* 


By WILLIAM F. BOUZARTH, M.D., PHILLIP GOLDFEDDER, M.D., 
and HENRY A. SHENKIN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


REVENTION of complications of cere- 

bral arteriography has been the key to 
successful use of this diagnostic technique 
ever since Moniz!" first injected a sodium 
iodide solution in 1927. Despite improve- 
ments in the pharmacologic properties of 
the iodinated compounds, complications 
directly related to the contrast material 
still occur.? Except for a few reports,” 
very little has been written concerning the 
treatment of such complications in the 
last few years. Recently, due to an elec- 
tronic malfunction in a pressure injector 
which permitted twice the appropriate 
volume of contrast medium to be infused, 
we encountered two severe reactions, 
resulting in both immediate and delayed 
convulsions with contralateral weakness 
progressing to hemiplegia. This occurred 
even though recommended forms of treat- 
ment were vigorously employed. Since it 
has been demonstrated by one of us? that 
hypertonic mannitol increases cerebral 
blood flow as well as dehydrating the brain, 
it was decided to use mannitol as the 
therapeutic agent. After administration, 
the progressive deterioration in each pa- 
tient was halted, and thereafter continual 
improvement occurred, so that at the time 
of discharge both patients had recovered 
completely. 


REPORT OF CASES 
Case 1. D.H., a 16 year old, right-handed 


school boy suddenly experienced severe gen- 
eralized pain in his head and blurred vision in 
both eyes of 5 minutes’ duration. The first 
episode occurred during the running of a race 1 
month prior to admission; there were 4 recur- 
rences in the interval. A history of childhood 
asthma was reported. On admission to the 
hospital, the general physical and neurologic 


examination was within normal limits. Com- 
plete blood cell count, urinalysis, serologic test 
for syphilis, fasting blood sugar, urea nitrogen 
and electrocardiogram were normal. The skull 
and chest roentgenograms demonstrated no 
abnormalities. The electroencephalogram re- 
vealed 14 and 6 cycles per second (cps) positive 
spikes during sleep. 

The patient was prepared for cerebral ar- 
teriography and premedicated with 120 gm. of 
phenobarbital and 200 mg. of diphenylhydan- 
toin, both administered intramuscularly. Skin 
testing, as well as an intra-arterial test dose, 
failed to reveal any reaction to the contrast 
medium after 20 minutes. Under local anes- 
thesia (1 per cent procaine), the left carotid 
artery was cannulated on the first attempt with 
a new No. 18 Cournand needle. The pressure 
injector was set to deliver 10 cc. of 20 per cent 
warmed sodium diatrizoate solution through a 
16 cm. French catheter (diameter o.8 mm.) at 
a flow rate of 17 cc./second. Later, it was de- 
termined that a minimum of 20 cc. was in- 
jected. Immediately after the injection, the 
patient developed a grand mal seizure lasting 
approximately 9o seconds. Following this, he 
had a right hemiparesis, including a right cen- 
tral facial weakness and dysarthria. Immediate 
therapy consisted of nasal oxygen, 6 liters/ 
minute and diphenylhydantoin 200 mg. intra- 
venously. Within the hour, the right hemi- 
paresis became more distinct. He became 
aphasic and very agitated; his temperature 
rose to 101°F. A loading dose of 40 mg. of 
methylprednisolone sodium succinate was given 
intravenously, followed by 20 mg. at 6 hour 
intervals for maintenance. Because of his con- 
tinued deterioration over the next 3 hours, 500 
cc. of 20 per cent mannitol was injected intra- 
venously in a period of 30 minutes. From this 
point, his downhill course was reversed; capa- 
bility of motion returned in the right leg, and 
he became more responsive. Twenty-four hours 
after the administration of mannitol intermit- 
tent seizures recurred. These were successfully 
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managed with intravenous infusion of sodium 
amytal drip (0.5 gm. in 1,000 cc. of 5 per cent 
glucose solution). Lumbar puncture 2 days 
after the arteriography revealed normal pres- 
sure, color, cell count, and protein. On the 
third day he was more alert, although slight 
weakness of the right upper extremity persisted. 
He continued to improve and by the fifth day 
showed no neurologic abnormalities except for 
a suggestion of right facial asymmetry. His 
aphasia had cleared completely. The arterio- 
gram revealed a small cryptic vascular malfor- 
mation deep in the left cerebrum. He was dis- 
charged 8 days after the arteriography, and he 
has been asymptomatic during a 6 month 
follow-up period with a normal neurologic ex- 
amination. 


Case r1. E. McM., a 45 year old right-handed 
male, who was known to have arterial hyper- 
tension and diabetes mellitus, struck the left 
side of his head 1 month prior to admission. He 
was not unconscious at the time but soon de- 
veloped paresthesia and weakness on the left 
side of the body. He denied difficulties of vision, 
speech, headaches or convulsions. On admis- 
sion. to the hospital, his blood pressure was 
160/go. Physical examination was essentially 
normal. He had a mild left hemiparesis and 
slight difficulty with fine associated movements 
in the left upper extremity. Position sense was 
impaired in the left lower extremity. Deep ten- 
don reflexes were exaggerated on the left with- 
out associated pathologic reflexes. Complete 
blood cell count, urinalysis, blood urea nitro- 
gen, and serologic test for syphilis were all nor- 
mal. The fasting blood sugar was 122 mg. per 
cent. Brain scan, electrocardiogram, skull and 
chest roentgenograms were essentially normal. 
The electroencephalogram revealed a maximal 
right temporal slow wave focus. 

Following these preliminary studies, the pa- 
tient was prepared for cerebral arteriography 
by premedication with meperidine hydrochlor- 
ide 50 mg., papaverine 100 mg., and diphenyl- 
hydantoin 200 mg., all administered intra- 
muscularly. Under local anesthesia (1 per cent 
procaine) direct cannulization of the right 
brachial artery was performed with a new No. 
18 Cournand needle; the pressure injector was 
set to deliver 55 cc. of 20 per cent sodium 
diatrizoate solution at a flow rate of 21 cc./ 
second using a 16 cm. hard French catheter 
with a diameter of 0.8 mm. Unfortunately, an 
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80 cc. bolus was infused. Immediately, the pi- 
tient had a generalized convulsion lasting I 
minute, followed by a severe left hemiparesis. 
Therapy consisted of nasal oxygen, 6 liters/ 
minute, and a slow intravenous drip of 5 per 
cent glucose and water with 600 mg. of papa- 
verine (which was maintained for 24 hours) 

Within a few hours, he developed intermittent 
projectile vomiting and convulsions, at which 
time he was given intramuscular injections of 
sodium amytal 120 mg., diphenylhydantoin 
200 mg., then 100 mg. every 6 hours. Because 
of his progressive deterioration and the develop- 
ment of a hemiplegia in a 4 hour period, 350 
cc. of 20 per cent mannitol was infused in 1S 
minutes. The hemiplegia improved following 
the infusion, although he was still confused and 
required chlorpromazine for restlessness. The 
next day his temperature rose to 103°F., and he 
demonstrated slight nuchal rigidity. A lumbar 
puncture revealed clear fluid with an opening 
pressure of 120 mm. water. On the second day, 
he again developed recurrent seizures requiring 
an intravenous sodium amytal drip. The pa- 
tient remained disoriented and his speech was 
garbled, but strength of the left arm and leg 
continued to improve. By the fourth day, the 
patient was able to take fluids by mouth and 
was generally more alert. His hemiparesis con- 
tinued to improve, and he was able to ambulate 
by the eighth day. At the time of discharge on 
the seventeenth day, he had the same degree of 
weakness on the left side as at the time of ad- 
mission. A 6 month follow-up period revealed 
that he has been asymptomatic except for 
paresthesia in the left leg. He has returned to 
full time employment. 


DISCUSSION 


There is little doubt that the onset and 
progression of events as described were 
solely due to the contrast medium. Neither 
patient had a depressed level of conscious. 
ness Or a prearteriographic progression of 
neurologic signs, which was the major com- 
mon denominator in the series of patients 
reported by Coddon and Krieger? More- 
over, there was no difficulty in the insertion 
of the needle and a good back flow was 
present. Direct injury to the carotid artery 
wall is considered by Allen and co-workers’ 
to be the most common etiologic factor in 
arteriographic complications, and thev con- 
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tend that complications due to toxic effects 
of the contrast matetial are rare. In Case 1, 
roentgenographic visualization of the 
needle site failed to demonstrate subintimal 
injection; and in Case 11, a brachial injec- 
tion was performed. This information sug- 
gested toxicity of the injected solution. 
Further examination of the biplane serio- 
graphic roentgenograms revealed a normal 
transient time from the carotid siphon to 
the sagittal sinuses of the initial bolus, but 
there was a prolongation of the duration of 
opacification of both the arterial and ven- 
ous phases. This tell-tale sign resulted in 
the recognition of the malfunction which 
permitted the excessive injection of con- 
trast medium. 

The exact mechanism of contrast me- 
dium injury is still uncertain. The evidence 
indicates disruption of the capillary endo- 
thelium??? which, in turn, reduces the 
efficiency of the cerebral circulation. Al- 
though there is no proof of the change in 
cerebral blood flow in the affected hemi- 
sphere, it is believed that blood flow 1s 
diminished. Since hypertonic mannitol 
increases cerebral blood flow as well as 
decreasing brain water by dehydration? 
this osmolar agent theoretically should be 
of benefit, as was demonstrated in the 
clinical response of our patients. 

We have been unable to discover pub- 
lished data on the use of hyperosmolar 


mannitol specifically for the therapy of 


direct contrast medium injury to the brain. 
In the dog, Snyder and co-workers? noted 
that 10 per cent mannitol given before 
angiography protected the kidney from an 
abdominal aortic injection of sodium ace- 
trizoate. The incidence of neurotoxicity 
was equal in the control and treated groups, 
but severity of the spinal cord damage was 
less in the mannitol-treated group. Dodds 
ef al^ recommended intravenous urea to 
reduce cerebral edema after cardiac arrest, 
but Wolfe! did not. Again, in 1965, Barn- 
hard and Barnhard? alluded to the use of 
hypertonic urea as a treatment for cerebral 
edema following prolonged pulmonary or 
cardiac arrest after systemic injection of 
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contrast medium. However, their recom- 
mendation was primarily for the treatment 
of cerebral edema secondary to cerebral 
anoxia rather than to the direct action 
of the contrast material upon the brain. 
Lang? recommended against the use of 
urea. Several of his patients with arterio- 
graphic reactions were treated with hyper- 
tonic urea without any significant response. 
In fact, in one patient the convulsions ap- 
peared to increase following its use. We 
have no experience with urea in such com- 
plications, but there is evidence to agree 
with the objections, especially when this 
agent is compared to mannitol. Urea has 
less expansion of the plasma volume, and 
this limited expansion is of less duration, 
producing a greater rebound elevation of 
intracranial pressure? Urea diffuses into 
the brain cells whereas mannitol does not.” 

Although we are impressed with the 
beneficial effect of mannitol, the specific 
treatments outlined by others such as 
anticonvulsive medications, oxygen, and 
adrenocortical steroids, etc., should also 
be used as indicated.?:? For the unfortunate 
patient (and physician!) who experience 
such an iatrogenic catastrophe, all accep- 
table measures should be used. Since we 
prescribed steroids and other drugs, the 
good results cannot, and should not, be 
attributed to mannitol alone. Yet, it must 
be pointed out, that within 30 minutes of 
completion of the infusion of this hyper- 
osmolar agent, the progressive deteriora- 
tion of both patients ceased for at least 24 
hours. The method of administration is 
important. Too rapid infusion may result 
in hemolysis, whereas a slow intravenous 
drip will be less effective in increasing 
cerebral blood flow and brain dehydration. 
We recommend 350 cc. to 500 cc. to be 
rapidly injected intravenously by a physi- 
cian in a 15 to 30 minute period. Care must 
be taken to avoid extravasation into the 
tissues for necrosis can occur. In a patient 
who is confused or unconscious an ind well. 
ing urinary catheter is required, inasmuch 
as a diuresis may occur. 

A second benefit of the use of 20 per cent 
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mannitol is reduction of cerebrospinal 
fluid pressure, as this might be elevated in 
patients with such severe neurologic deficit. 
It has been well established that hyper- 
osmolar mannitol is an effective agent in 
reducing brain bulk and intracranial pres- 
sure, 5 


SUMMARY 


Two patients subjected to cerebral an- 
giography developed convulsions and hemi- 
plegia after injection. of the contrast 
medium. Circumstances indicated a direct 
toxic effect of an excessive volume of con- 
trast material. Despite the use of accepted 
forms of therapy, each patient progres- 
sively deteriorated until 20 per cent manni- 
tol solution was infused intravenously very 
rapidly. Thereafter, the clinical course was 
reversed, and complete recovery occurred. 
The rationale for the use of hypertonic 
mannitol early after such an injury is the 
known increase it produces in cerebral 
blood flow, as well as its reduction of intra- 
cranial pressure. 


William F. Bouzarth, M.D. 
Department of Neurological Surgery 
Episcopal Hospital 

Philadelphia, Pennsylvania 19125 
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TENTORIAL MENINGIOMAS* 


By MANNIE M. SCHECHTER, M.D., LAWRENCE H. ZINGESSER, M.D., 
and ARTHUR ROSENBAUM, M.D. 


NEW YORK, NEW YORK 


ENINGIOMAS account for approxi- 
mately 20 per cent of all intracranial 
tumors. In Olivecrona’s series, 8.5 per cent 
of meningiomas arose in the posterior fossa 
and just over one-third of posterior fossa 
meningiomas arose from the tentorium.’ 
Although these tumors are relatively rare 
and are notorious for their ability to escape 
recognition clinically, they are benign le- 
sions. Their successful surgical treatment 
has been the subject of various reports.’:?.”° 
Davidoff,’ in 1961, stated that “the im- 
portance of the site of origin and the direc- 
tion of growth in these meningiomas lies 
in the ability of the surgeon to successfully 
remove these tumors. . . ." Roentgenologic 
studies, in particular pneumography, have 
played a dominant role in the investigation 
of these tumors. More recently, angiog- 
raphy has proved its value and has comple- 
mented the other investigations, often pro- 
viding more specific information concerning 
the precise localization and histology of the 
tumor. Although the tumors arising from 
the free margin of the tentorium posteriorly 
have been considered benign lesions in a 
malignant area, a more aggressive surgical 
approach has been recommended." 20 Angiog- 
raphy may enhance the pneumographic 
interpretation in localizing the lesion to the 
tentorium itself. There are several angio- 
graphic features to be discussed which will 
not only establish the site of origin of the 
tumor but will provide information con- 
cerning the histology. Roentgenography 
may further determine the direction of 
growth of the tumor allowing the surgeon 
to evaluate accessibility and plan the ap- 
proach. 

'The purpose of this paper 1s to present 
our experience with 20 tentorial meningi- 
omas and to emphasize the roentgenologic 
signs present. It is obvious that some signs 


TABLE I 


SITES OF ATTACHMENT* 





A—Free margin of tentorium 
B—Petrous ridge 

C—Lateral sinus 

D—Lateral leaf away from bone 


* Any of these lesions may extend both above or below the 
tentorium. 


will be more specific than others. These 
roentgenologic changes will depend upon 
the site of origin of the tumor, its size, and 
its direction of growth. 

To illustrate the changes seen on routine 
roentgenograms, pneumograms and angio- 
grams, our cases will be classified according 
to the site of origin of the tumor and its 
direction of growth (Table 1). The tumors 
may extend supratentorially, infratentori- 
ally, or grow to present both above and 
below the tentorium (Fig. 1). The major 


NUN 
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@ = Above and Below 


Fic. 1. Schematic representation of the distribution 
of our 20 cases of tentorial meningiomas. The 
circles represent the approximate sites of attach- 
ments, but not the size of the tumor. 


* From the Department of Radiology, Division of Neuroradiology, Albert Einstein College of Medicine, New York, New York. 
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TABLE II 


"SPECIFIC" SIGNS OF TENTORIAL MENINGIOMAS 








. Meningeal supply from carotid and vertebral 
arteries 
2. Angioarchitecture of a meningioma 
3. Displacement of structures indicating tumor 
attached to tentorium 
4. Bone reaction and psammomatous calcification 
. Tumor outlined by air in subarachnoid space 





growth, however, is usually in one direc- 
tion. The elective site of attachment of 
tentorial meningiomas in Castellano and 
Ruggiero's? series was the posterior portion 
of the tentorium close to the transverse 
sinuses and the confluence of sinuses. In our 
series of 20 tentorial meningiomas, 6 arose 
in this area. Tumors of the free margin of 
the tentorium may arise from its lateral 
aspect or from its posterior aspect. The 
latter, although less common as a site of 
attachment, is of particular interest roent- 
genologically and has received the descrip- 
tive term "carrefour falco-tentoriel” by 
Talairach eż al.” In our series of tentorial 
meningiomas, 7 arose from this site. 

In order to best describe the roentgen- 
ologic features, we have divided our series 
of 20 cases of tentorial meningiomas into 4 
groups depending upon their site of origin. 
These 4 groups are: (A) the free margin of 
the tentorium; (B) the petrous ridge; (C) 
the lateral sinus; and (D) the lateral leaf 
away from the bone (Table 1). In these 
groups provision 1s made for subdivision, 
since growth both above and below the 
tentorium may be present. We recognize 
that the sites of attachment could not be 
determined with absolute assurance in all 
of our cases and that overlap from one 
group to the other may have occurred 
(Fig. 1). 

Although the roentgenologic signs of the 
presence of a tentorial meningioma may 
include those of any space-taking lesion, 
we have selected the more specific “signs.” 
Our material has been analyzed with this 
in mind and a discussion of these signs is 
the major topic of this report. Table rr 
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indicates the "specific" signs of tentorial 
meningiomas: (1) meningeal supply from 
the carotid and the vertebral arteries; (2) 
angioarchitecture of a meningioma; (3) dis- 
placement of structures indicating that the 
tumor is attached to the tentorium; (4) 
bone reaction and psammomatous calcifica- 
tion; and (5) tumor outlined by air in the 
subarachnoid space. 

The tentorium receives a blood supply 
from various sources which include the ex- 
ternal carotid artery via its meningeal 
branches, the internal carotid artery via the 
intracavernous branches (Fig. 2, 47 and B; 
and 3, 4 and B), the vertebral artery via 
the meningeal branches (Fig. 2C), and the 
posterior cerebral artery via a recently 
described meningeal branch.?5.5.510—15.17,15, 
19,21,22,27,28,30,31 

We do not intend to discuss the anatomy 
of these vessels, but a few points must be 
made about their identification. Selective 
catheterization facilitates the identifica- 
tion in as much as it obviates confusion be- 
tween the internal and the external carotid 
branches seen on the roentgenogram. Still 
there may be confusion at times, especially 
in the lateral projection, between the tem- 
poral branches of the middle cerebral ar- 
tery, small branches of the posterior com- 
municating and posterior cerebral arteries, 
and the tentorial branch of the internal 
carotid artery.? Although the early reports 
of hypertrophy of these vessels suggested 
the presence of a meningioma, numerous 
papers have appeared in which these vessels 
have been observed in the presence of 
lesions other than meningiomas (Fig. 4). 
Their presence, however, raises the index 
of suspicion considerably as to the presence 
of a meningioma. Seven of our cases showed 
this tumor supply including 2 cases in 
which the supply was from the meningeal 
branches of the vertebral artery (Fig. 2€). 
The characteristic “tumor stain" as de- 
scribed by Wickbom”? remains a fairly spe- 
cific sign of meningiomas.” Eight of our 
cases displayed this sign (Fig. 3B; and s, 
B and C): 


Displacement of structures indicating a 
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lic. 2. (4) A tentorial branch arising from 
the internal carotid artery and extending 
towards the tumor is outlined by small 
arrows. (B) Same case as in 4 demon- 
strating the tentorial artery (small black 
arrows) and elevation of the middle cere- 
bral artery (superior large arrow). Pos- 
terior large arrow indicates region of 
tumor stain. (C) Same case shows me- 
ningeal branchesarising from the vertebral 
artery (small black arrows), ascending 
along the occipital bone to supply the 
tentorial meningioma which extends both 
above and below the tentorium. 


Fic. 3. (4) The meningohypophyseal trunk arising 
from the intracavernous portion of the internal 
carotid artery is identified by a white arrowhead. 
This vessel appears to be the major supply to a Fic. 4. A hypertrophied meningohypophyseal trunk 
meningioma. (B) The typical tumor stain is well is seen in a patient after resection of a ganglioneu- 
delineated in the same angiographic series (arrows). roma of the temporal lobe (arrows). 
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tumor attached to the tentorium is the 
third sign. 

Pneumoencephalographic features which 
indicate a mass attached to the tentorium 
have been described by D'Errico,? Castel- 
lano and Ruggiero? and Tristan and 
Hodes.?? These changes include a displace- 
ment upwards of the inferior surface of the 
occipital horn, trigone of the lateral ven- 
tricle, and temporal horn. This evidence is 
enhanced by the concomitant demonstra- 
tion of an infratentorial mass (Fig. 6, 4 
and B). Tumors attached to the free mar- 
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FIG. 5. (4) A vertebral angiogram showing 
elevation of the posterior cerebral artery 
(large arrow) and depression of the su- 
perior cerebellar artery (small arrow). 
This is highly suggestive of a tentorial 
meningioma and is one of the “specific” 
signs shown in Table 11. (B) Note the 
characteristic meningioma stain seen in 
the lateral projection (arrows). (C) An- 
teroposterior projection during the ve- 
nous phase of the angiogram with charac- 
teristic meningioma stain (arrows). 


gin of the tentorium tend to stretch the 
aqueduct and displace it forwards and 
downwards in a bold curve. Castellano and 
Ruggiero? considered this configuration of 
the aqueduct fairly characteristic for the 
"carrefour falco-tentoriel" meningiomas. 
These lesions indent the back end of the 
3rd ventricle and may elevate it. They fre- 
quently displace the 4th ventricle down- 
wards? (Fig. 7, Æ and B; and 11). The 
specificity of the typeof aqueductal changes 
described above is disputed. Castellano 
and Ruggiero? attributed the flattening of 
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the aqueduct to indirect pressure on the 
aqueduct through the intervening cere- 
bellum. Such displacement of the aqueduct, 
however, may be found with tumors of the 
anterior cerebellar vermis. The encroach- 
ment upon the posterior 3rd ventricle by 
a mass is not sufficient to make the diag- 
nosis of a “carrefour falco-tentoriel"" menin- 
gioma. 

There is a pitfall to be avoided in the 
analysis of an air study which reveals evi- 


Fic. 7. (4) Pneumoencephalogram. Note that the 
4th ventricle and aqueduct have been displaced 
downwards. (B) A ventriculogram shows the an- 
terior margin of the tentorial meningioma en- 
croaching upon the back end of the 5rd ventricle 
(large black arrows). 


Fic. 6. (4) Ventriculogram in a patient with a ten- 
torial meningioma extending both above and be- 
low the tentorium with the bulk of the tumor in the 
right posterior fossa. Note the elevation of the 
right lateral ventricle in the region of the trigone 
and occipital horn (small black arrows). The 4th 
ventricle is displaced towards the left (large black 
arrow). (B) Lateral projection of the ventriculo- Fic. 8. Vertebral angiogram in a patient with a ten- 
gram showing elevation of the occipital horn of torial meningioma with separation of the posterior 
lateral ventricle (small white arrowheads) and the cerebral arteries (PCA) and the superior cerebellar 
kinked aqueduct (large white arrowhead). arteries (SCA) by the tumor mass. 





l'1G. 9. A postmortem angiogram in the same patient 
as in Figure 8 shows the separation more vividly. 
The posterior cerebral artery (large white arrow- 
head). The superior cerebellar artery (small white 
arrows). 


dence of a posterior fossa mass, as well as 
evidence of upward displacement of the 
posterior aspect of a lateral ventricle. The 
tentorium may be elevated, particularly in 
the younger age group, by a large mass in 
the posterior fossa. When, however, lobula- 
tion is seen in the air shadow in the lateral 
ventricle, this would indicate definite su- 
pratentorial extension of the tumor. 

The posterior cerebral arteries course 
over the posterior temporal, parietal, and 
occipital lobes. Some of the branches of the 
posterior cerebral artery lie sandwiched 
between these lobes and the tentorium. 
The superior cerebellar arteries also lie be- 
tween the inferior surface of the tentorium 
and the cerebellum. 


l'1G. 10. The tumor can be seen hanging down from 
the undersurface of the tentorium. 


l'1G. 11. A sagittal section of the same brain reveals 
the typical displacements produced by the lesion. 
Note the inferior and posterior displacement of 
the 4th ventricle and the indentation of the back 
end of the 3rd ventricle. 


Any lesion arising from the tentorium 
may displace the posterior cerebral arteries 
upwards and the superior cerebellar ar- 
teries downwards depending upon its direc- 
tion of growth? (Fig. 54; 8; 9; 10 and 11). 
Thus these vessels are separated. The tem- 
poral and occipital branches of the poste- 
rior cerebral artery may also be separated.” 
The combination of hydrocephalus as in- 
dicated angiographically with elevation of 
the posterior cerebral arteries," and/or 
inferior displacement of the superior cere- 
bellar arteries is also characteristic of a 
tentorial meningioma. Splaying of the 
posterior cerebral arteries in the antero- 
posterior projection may be caused by a 


l'1G. 12. Same case as Figures 8, 9, 10 and 11. Note 
= Y J) 


the separation of the posterior cerebral arteries in a 
vertebral angiogram (arrows) 
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midline tentorial meningioma or by swell- 
ing of the brain stem? (Fig. 12). 

Evidence of a block in the transverse 
sinus plus the demonstration of a mass ex- 
tending supra or infratentorially is another 
example of a combination of angiographic 
changes which has specificity for tentorial 
meningiomas.!? 

If the meningioma arises from the pe- 
trous ridge or the lateral sinus, there may be 
bone reaction which should also be con- 
sidered a specific sign. Meningiomas, as 
well as other slow growing tumors, may 
have areas of calcification. These psam- 
momatous calcific areas are fairly charac- 
teristic for meningiomas. The bone changes 
might be hyperostotic or lytic (Fig. 13). 

Since meningiomas usually arise from 
the meninges, they indent the cerebral and 
cerebellar tissue and allow air in the sub- 
arachnoid space to pass between the brain 
and the tumor. In this way, air may outline 
the "extracerebral" contour of the tumor. 
This is a dividend obtained with a pneu- 
moencephalographic examination. This 
very specific sign may be missed when air 
is introduced directly into the ventricles 
(Fig. 14, 7 and B). 

Falcotentoriography may be used to 
demonstrate tentorial displacements which 
make a diagnosis of a mass directly related 


Fic. 13. A tentorial meningioma involving the apex 
of a petrous bone. Note typical calcification shown 
in the tomogram (arrows). 


Tentorial Meningiomas 


Fic. 14. (4) A tentorial meningioma of the free mar- 
gin of the tentorium. Note the posterior margin of 
the tumor is outlined in the subarachnoid spaces 
during encephalography (arrowheads). (B) A 
ventriculogram outlining the anterior margin of 
the tumor encroaching upon the 3rd ventricle 
(black arrows). The white arrow indicates the 
posterior margin of the tumor mass. 


to the tentorium,” but this procedure has 
not gained much popularity. 

Radioactive scanning may be of help in 
indicating a tentorial meningioma. When 
a region of high uptake is related topo- 
graphically to the tentorium, the diagnosis 
of a tentorial meningioma 1s highly indi- 
cated! (Fig. 15, A and 5). 


CONCLUSIONS 


The roentgenologic findings of 20 cases 





M. M. Schechter, L. H. Zingesser and A. Rosenbaum SEPTEMBER, 1968 


Fic. 15. (4) Radioactive scan (mercury 197) in the posterior projection showing an area of uptake related to 
the tentorium, near the midline. (B) Left lateral scan shows the activity of the isotope related topographi- 


cally to the region of the tentorium. 


of tentorial meningiomas were analyzed to 
determine the specificity of certain roent- 
genologic signs (Table 111). Some signs were 
more specific than others and depended 
upon the origin, size and direction of 


TABLE III* 











Site of Attachment Specific Sign 
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* The sites of attachment, A, B, C, D (Table 1) and the specific 
roentgenologic signs 1, 2, 3, 4, § (Table 11) of our 20 cases of tentor- 
ial meningiomas. 


growth of the tumor. The changes were 
noted in plain roentgenograms, pneumo- 
encephalograms, angiograms, and radio- 
active scans. 

Certain signs were found to be highly 
indicative of tentorial meningiomas. 


Mannie M. Schechter, M.D. 
Department of Radiology 

Albert Einstein College of Medicine 
Yeshiva University 

1300 Morris Park Avenue 

Bronx, New York 10461 
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POSITIVE CONTRAST VENTRICULOGRAPHY, 
CISTERNOGRAPHY AND MYELOGRAPHY* 


By EDIR B. SIQUEIRA, PAUL C. BUCY, and ABRAM H. CANNON 


CHICAGO, ILLINOIS 


HE advent of image intensification 
coupled with cineroentgenology and 
television control has proven to be of great 
value in Neuroradiology. These techniques 
are particularly helpful in ventriculog- 
raphy, cisternography and myelography 


using positive contrast media. 


VENTRICULOGRAPHY 


Positive contrast ventriculography is an 
old technique. Sicard and co-workers? re- 
ported instillation of lipiodol in the ven- 
tricular system as far back as 1923. Ade- 
quate lipiodol ventriculography was re- 
ported by Balado in 1928 in Argentina.? 
The irritative properties of lipiodol soon 
became apparent.’ Thorotrast was also 
used! but its ill effects were soon apparent. 
Pantopaque came into use in 1942. In 
1950 BulP reported its use in ventriculog- 
raphy. With the perfecting of air ventricu- 
lography by means of the fractional filling 
of the ventricularandsubarachnoid spaces,!° 
positive contrast ventriculography failed 
to make any great strides for many years. 
With the advent of stereotaxic surgery and 
image intensifying techniques, the interest 
in this type of study has increased. Its per- 
formance 1s quite simple and television 
monitoring gives a perfect control in man- 
ipulating the radiopaque material. How- 
ever, positive contrast study should never 
be considered a replacement or an alterna- 
tive to the standard air study, although 
sometimes it Is impossible to delineate or 
to locate the lesion properly with air ven- 
triculography. 

Positive contrast ventriculography with 
intensifying image technique provides us 
not only with a better control of the con- 


trast material but also with a better visual- 
ization of the ventricular cavities situated 
in the sagittal plane. Several methods based 
on the use of positive contrast media have 
been proposed recently. 


INDICATIONS 


In our experience this technique has 
been most useful in the cases in which a 
midline lesion is suspected of encroaching 
upon the third ventricle, aqueduct or 
fourth ventricle. Of course, this procedure 
will also demonstrate any shift of these 
structures caused by lesions situated far- 
ther laterally. 

It is of importance that adequate pro- 
jection equipment be available to study the 
cineroentgenographic films obtained with 
the positive contrast material. The projec- 
tion equipment must permit review of the 
film at slow motion or of individual frames. 
This careful scrutiny of the cineroentgeno- 
graphic film may reveal important details. 
In one of our cases it disclosed minute 
tumor implants on the floor of the third 
ventricle (Fig. 1). Reversal of the film is 
also essential for frequent reviews in diffi- 
cult cases. 


TECHNIQUE 


This procedure is carried out under local 
anesthesia. A right frontal burr hole is 
made and the frontal horn of the lateral 
ventricle is cannulated with a rubber can- 
nula which is left in place. This rubber 
cannula has a stop-cock by which it can 
be shut off. The wound is closed and the 
patient is placed in the sitting position. 
The entire examination then is done with 
the patient in this position. Under tele- 


* From the Departments of Surgery and Radiology, Northwestern University Medical School and the Section on Neurological Sur- 
gery and the Department of Radiology, Chicago Wesley Memorial Hospital, Chicago, Illinois. 
Aided by Training Grant No. NB-5408 from the National Institute of Neurological Diseases and Blindness of the U, S. Public Health 
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vision control the contrast material (panto- 
paque) is slowly injected into the frontal 
horn of the lateral ventricle. Care is taken 
to keep the patient's head flexed. Usually 
3 cc. of contrast material is adequate for 
this study. After the material has been in- 
jected the patient's head is gradually ex- 
tended. This is done under continuous vis- 
ual control with the intensifying apparatus. 
The opaque material flows backward in 
the anterior horn and drops through the 
foramen of Monro into the third ventricle. 
'The anterior part of the third ventricle 1s 
very well outlined. The contrast material 
flows gradually to fill the posterior part of 
the third ventricle from where it goes into 
the aqueduct and fourth ventricle. During 
these procedures the patient's head is 
viewed in different planes (lateral, antero- 
posterior, obliques) in order to achieve a 
good stereoscopic image of the visualized 
anatomic structures. At the end of the pro- 
cedure the rubber cannula is removed. The 
contrast material can be removed via a 
lumbar puncture shortly after the examin- 
ation has been completed or at a later date, 
unless there is a complete obstruction. 
Following this technique, which is very 
simple, catheterization of the ventricular 
system is not necessary." 

This technique in our experience 1s 


Fic. 1. Contrast material outlining the floor of the 
3rd ventricle which is irregular due to the presence 
of neoplastic implants (arrows). 


Contrast Ventriculography 


wa 


Fic. 2. Case 1. Lateral view of normal third ventricle. 
1. Foramen of Monro; 2. Suprapineal recess; 3. 
Massa intermedia; 4. Cerebral aqueduct; 5. 
Fourth ventricle. 


superior to the positive ventriculography 
via the lumbar route. Using the lumbar 
route more manipulations of the patient 
are necessary to direct the contrast mate. 
rial into the ventricular system. In a per 
centage of cases the material cannot enter 
the ventricular system despite repeated at 
tempts and maneuvers. 


COMPLICATIONS 

Positive contrast ventriculography 1s 
not, however, a harmless procedure. It has 
become an established and accepted prac- 
tice to follow an air study by immediate 
decompressive craniotomy if a space oc- 
cupying lesion is found. At first it was felt 
that this immediate decompression was not 
necessary following a positive contrast 
ventriculography because of the little dis- 
turbance caused in the cerebral dynamics 
by the procedure. Furthermore the amount 
of contrast material injected is quite small. 
However, one of our early cases, a man who 
was in excellent neurologic condition, died 
suddenly several hours following panto- 
paque ventriculography which had shown 





[34 Edir 
a complete block of the 4th ventricle due to 
a metastatic carcinoma of the cerebellum. 
Following this experience we returned to 
our previous practice of instituting decom- 
pressive surgical therapy immediately fol. 
lowing positive ventriculographic studies. 


POSTERIOR FOSSA CISTERNOGRAPHY 
AND VENTRICULOGRAPHY 

Positive contrast posterior fossa cis- 
ternography is particularly helpful in the 
diagnosis of tumors of the ce erebellopontine 
angle. This study can be performed via the 
lumbar route. The contrast material is in- 
jected in the subarachnoid space in the 
lumbar spinal canal. It is then guided, 
under image intensifying control into the 
posterior fossa. This is done with the pa- 
tient in the prone position. An excellent 
visualization of the cisterna magna and of 
the cerebellopontine angle can be obtained 
by careful positioning of the patient's 
head. The cere ebellopontine angles are seen 
one at a time. The head has to be turned 
about 30° in order to direct the contrast 
material into the After visualiza- 
tion of one cerebellopontine angle the con- 
trast material 1s returned to the cervical 
spinal canal by raising the patient's head. 
The patient's head is then turned into the 
opposite oblique position and the other 
cerebellopontine angle is visualized. The 
contrast material can also be guided into 
the fourth ventricle via the foramen of 
Magendi when the patient is supine. Suc- 
cessful visualization of the fourth ventricle 
Is obtained in approximately zo per cent 
of the cases. Once in the fourth ventricle 
the material can easily be directed into the 
third ventricle via the cerebral aqueduct if 
there is no obstruction. At the Ed of the 
examination the contrast material can be 
removed by lumbar puncture. 


angles. 


MYELOGRAPHY 


The cine technique with image intensi- 
fication has also been very helpful i In mye- 
lographic studies in general. It is particu- 
larly useful in the thoracic area where the 
contrast material usually flows quite ra- 
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The playback in slow motion allows 
one to study the thoracic area in detail. 
The technique used for this study is similar 
to the classical one with routine fluoro- 
scopic control. 


pidly. 


REPORT 


Case I. A. C. was admitted to Chiczgo 
Wesley Memorial Hospital in February 
complaining of severe heo de and diplopia. 

Neurologic examination revealed bilateral 
papilledema with hemorrhages on the left 
side. 

Following cerebral angiographic studies 
which were within normal limits, a positive 
contrast ventriculography was performed. This 
study was felt to be within normal limits. Figure 
2 shows a lateral view of this study and ; 
example of the normal appearance of dis 
foramen of Monro, third ventricle and cerebral 
aqueduct. The diagnosis of pseudotumor cerebri 
was made. 


OF CASES 


1966 


ASE: i... X admitted to Chicago 
Wesley Memorial Hospital on December 20, 
1965. There was a history of awkwardness of the 
right hand since August 1965. She also com- 
plained of unsteadiness and headaches since 
September 1965. Vomiting had been present 
for a few days preceding her admission. 

Neurologic examination revealed awkward- 
ness of her right hand. The optic disks were 
slightly elevated. Angiographic studies showed 
changes consistent with the diagnosis of a 
tumor of the posterior fossa but they did not 
localize the lesion more accurately. 

On December 23, 1965 a pantopaque ventric- 
ulography was performed (Fig. 3). There was a 
complete occlusion of the upper portion of the 
4th ventricle. The cerebral aqueduct was 
sharply bent forward. 

At operation a fibrosarcoma of the cere- 
bellum was removed. 


Was 


Case ut. A. G. This patient entered the 
hospital with a history of progressive deafness 
on the right side of 24 years' duration. During 
the year preceding her admission she had had 
intermittent and infrequent spells during which 
she felt dizzy and unsteady as though she 
were drunk. She had never fallen. For the 
past 3 or 4 months she had become quite 
unsteady on her feet requiring constant atten- 
tion on walking and had to hold onto near 
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objects for support. Speech had also become 
dificult just prior to admission. She had 
trouble in formulating words. There was no 
history of headaches or tinnitus. 

Neurologic examination revealed papill- 
edema, extreme unsteadiness on walking with 
a tendency to fall to the right, dysarthria, right 
sided deafness, nystagmus, and decreased 
right corneal reflex. 

Routine skull roentgenograms with special 
views of the base and of the petrous pyramids 
were unremarkable. Left carotid, right carotid, 
and left brachial cerebral angiograms were 
considered to be within normal limits. 

Pantopaque ventriculography showed a dis- 
placement of the aqueduct and of the fourth 
ventricle from the right to the left (Fig. 4). 

This study was followed by immediate right 
suboccipital craniectomy with total extirpa- 
tion of an acoustic neurinoma. 

The patient had an uneventful postoperative 
course. 


Case iv. S. W., female, was admitted on 
May 24, 1966 at the age of 21 years. Since 
July 1965 this patient had had dizziness, nausea, 
and unsteadiness of gait. These symptoms 
became progressively worse and finally became 
associated with vomiting and blurring of 
vision. Just prior to admission diplopia was 
also observed. The headaches, at first mild, 
had become severe. 

Examination on admission revealed rotary 
and horizontal nystagmus to either lateral 
gaze, weakness of the lateral rectus muscle 


Fic. 3. Case 11. Marked forward angulation of the 
cerebral aqueduct and upper 4th ventricle (ar- 
rows) which is completely occluded by cerebellar 
tumor. 


Contrast Ventriculography 


Fic. 4. Case ur. Anteroposterior projection demon. 
strating dilatation of the third ventricle (Arrow 1) 
and pronounced lateral shift of the cerebral aque- 
duct and 4th ventricle (Arrows 2). (Retouched 
print from a motion picture frame.) 


of the left eye, past pointing with her left 
hand and truncal ataxia. Lumbar puncture 
disclosed an opening pressure of 250 mm. and 
a protein content of the cerebrospinal fluid 
of 79 mg. per cent. 

Positive contrast ventriculography demon. 
strated a large tumor occupying the fourth 
ventricle (Fig. 5). 

At suboccipital craniectomy this tumor was 
excised. The histologic examination showed a 
typical ependymoma. 


Case v. L. S. This 9 year old boy was ad- 
mitted to Children's Memorial Hospital in 
December 1966 under the care of Dr. M. 
Jerva for investigation of progressive ataxia, 
diplopia, nausea and vomiting. 

Examination revealed bilateral facial palsy, 
weakness of eye movements and bilateral 
ataxia with broad based gait. Cerebral angio- 
graphic studies were normal. 
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FG. 5. Case iv. The pantopaque outlines the dilated 
fourth ventricle which is partially filled by an ir- 
regular mass (Towne’s view). 


Pantopaque ventriculography demonstrated 
an elevation of the floor of the fourth ventricle 
by an irregular mass (Fig. 6). A diagnosis of 
pontine glioma was made. 

The patient was treated with 
therapy. 


radiation 


Case vi. S. Y. was admitted for evaluation 
of involuntary twitching of the right side of 
his face associated with a slight right facial 
weakness. Cerebral angiographic studies were 
within normal limits. 

Pantopaque study of the posterior fossa was 
carried out after the contrast material had 
been introduced via a lumbar puncture. After 
the cerebellopontine angles had been visualized 
and found to be within normal limits the 
pantopaque was directed into the fourth 
ventricle and cerebral aqueduct (Fig. 7). 
No abnormalities were encountered. 


Case vir. M. S., a 57 year old female, was 
admitted on December 26, 1966. Since Febru- 
ary 1966 she had had dull pain behind the 
right ear associated with decreased hearing 
and tinnitus. She had also noticed unsteadiness 
when walking. 

Examination revealed 80 per cent hearing 
loss and hypalgesia over the lower two divisions 
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of the trigeminal nerve on the right side. 

Plain roentgenographic examination of the 
internal auditory meatuses did not show any 
asymmetry or erosion on either side. Cerebral 
angiography was unremarkable. 

The cerebrospinal fluid was examined at the 
time of the contrast study; it was under normal 
pressure and contained 79 mg. per cent of 
protein. 

Following positive contrast cisternography 
(Fig. 8, 4 and B), which showed a large mass 
occupying the right cerebellopontine angle, a 
unilateral suboccipital craniotomy was per- 
formed. A left acoustic neurinoma was removed. 


Case virt. A. W., a 16 year old girl, was ad- 
mitted in May 1966 complaining of severe 
headache. On examination there was evidence 
of papilledema and retinal hemorrhages. 

Pantopaque ventriculography was carried 
out. Ít revealed a complete occlusion of the 
cerebral aqueduct. The suprapineal recess had 
apparently become extremely dilated forming 
a large cyst situated just above the tectal area. 


The contrast material could be seen flowing 


‘ic. 6. Case v. Lateral view of pantopaque ventric- 
ulogram demonstrating elevation of the floor of 
the fourth ventricle by an irregular mass represent- 
ing a pontine glioma. 
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Fic. 7. Case vi. Visualization of normal fourth ven- 
tricle (Arrows 1) and cerebral aqueduct (Arrows 2) 
after pantopaque had been directed to these cavi- 
ties following its introduction in the lumbar sub- 
arachnoid space. This view also shows: 3. Supra- 
pineal recess; 4. Third ventricle. 





freely between the third ventricle and the 
cyst. 

Surgical exploration of the posterior fossa 
failed to disclose any abnormalities. A ventricu- 
lo-atrial shunt was performed. 

The patient has remained asymptomatic for 
more than 18 months. Similar cases of “‘supra- 
pineal cysts" have been reported in the litera- 
ture,° 


SUMMARY 


Positive contrast roentgenologic studies 
are useful in neuroradiology chiefly when 
done in conjunction with image intensifica- 
tion and with cineroentgenography. In our 


Fic. 8. Case vir. (4 and B) Prints of 2 frames of the motion picture demonstrating in 4 the right cerebello- 
pontine angle occupied by a large tumor mass (arrows) and in B the normal left cerebellopontine angle 
which is well filled with the contrast material. 1. Cerebellopontine angle; 2. Basilar artery. 
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service the contrast material used is panto- 
paque. 

This technique is employed for ventricu- 
lography, cisternography and myelography. 

The ventriculography is mainly indi- 
cated for the study of midline lesions. 

The cisternography is very helpful in the 
early diagnosis of acoustic neurinomas and 
other tumors of the posterior fossa. 

The cine myelography is particularly 
superior to the routine technique in the 
thoracic region. 

Illustrative cases are presented.* 


Edir B. Siqueira, M.D. 
251 E. Chicago Avenue 
Chicago, Illinois 60611 
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INDIUM 113m DIETHYLTRIAMINOPENTACETIC ACID 
(DTPA): A NEW RADIOPHARMACEUTICAL 
FOR BRAIN SCANNING* 


By JOHN P. CLEMENTS, H. N. WAGNER, Jr., H. S. STERN, and DAVID A. GOODWIN 


BALTIMORE, MARYLAND 


HE first widely used shortlived radio- 

pharmaceutical for radionuclide scan- 
ning was sodium pertechnetate labelled 
with Tc??» introduced by Harper e al. in 
1964 as a brain scanning agent." Reduced 
radiation to the patient and improved 
images have resulted in its wide accep- 
tance.4»19! Two disadvantages of the 
molybdenum gg/technetium ggm system 
the multiple oxidation states of technetium 
(which complicate its chemical behavior) 
and the short half-life of the parent nuclide, 
molybdenum 99 (67 hours)—prompted us 
to search for another generator system. 

In 1965, Richards* proposed a series of 
potentially useful generators, including the 
tin (Sni3)/indium (In"?») system. The 
longer half-life of the parent nuclide, $us 
(118 days), and the more predictable chem- 
ical hehavior of indium were its principal 
attractions. Since chelates are known to 
achieve adequate tumor:brain concentra- 
tion ratios? indium 113m was separated by 
4 modification of Gillette's method? and 
complexed with diethyltriaminopentacetic 
acid (DTPA), and evaluated as a brain 
scanning agent.' 

The purpose of this paper is to describe 
the preparation of the In!?» complex, to- 
gether with its pharmacodynamics, tox- 
icology and efficacy in comparison with 
Tc??» pertechnetate. 


PHYSICAL CHARACTERISTICS OF 
THE RADIONUCLIDE IN!!?m 


The nuclide Sn!? disintegrates with a 
halflife of 118 days by K- Le and M- 
electron capture to In", an isomeric 
energy state which in turn disintegrates 
to stable In!? by the emission of 392 kev. 


gamma rays. In'?" has a half-life of 1.7 
hours. 


Decay Scheme of Sn” 


Sn!? (118 days) 


[n!?" (1.7 hours) 
0.392 


gamma 


In! (stable) 
l 


PREPARATION OF THE IN!?" CHELATE 
(a) ELUTION OF THE GENERATOR 

Commercial Sn-In generators are avail- 
able. The elution characteristics and radio- 
nuclidic purity of the Int" are checked 
prior to use. This is accomplished by frac- 
tional elution of the generator with sterile, 
pyrogen-free, 0.05 N HCl using elution 
volumes of 2, 2, 2, 2, 2, 5 and 5 ml. in se- 
quence. The first 8 to 10 cc. of eluting media 
contains 70 per cent of the In?" content of 
the generator. 

Each eluted fraction is immediately 
diluted to 10 ml. in a standard 20 ml. vial 
and assayed by comparison with a 10 ml. 
Sn3—[n!e standard in an ionization 
chamber. Each eluted fraction is then al- 
lowed to decay for 48 to 72 hours at which 
time a measured aliquot is reassayed in a 
sensitive crystal scintillation detector. The 
initially eluted In?» will have completely 
decayed, so that any resulting activity in 
the decayed samples must have arisen from 
In" jn growth caused by Sn"? break- 
through and therefore can be used to mea- 


* From the Division of Nuclear Medicine, The Johns Hopkins Medical Institutions, Baltimore, Maryland. 
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sure the Sn!? content in the eluted frac- 
tions. The Sn'? breakthrough must not 
exceed 0.2 microcuries per millicurie of 
eluted Inm, This process for establishing 
radionuclidic purity is repeated for 3d a 
days following the receipt of any new gen- 
erator system prior to clinical use. Ex- 
perience with several Sn"?— [nusm gen- 
erator systems has shown that the Sn" 
contamination in eluted samples of In!» 
has been less than the 0.02 per cent limit 
throughout a 6 month period. The amount 
of breakthrough remains fairly constant 
throughout the useful life of the generator. 
It there is a contamination of 0.02 per cent 
Sn’, a 10 ml. dose of In!» contains 2 uc 
of Sn’! at the time of elution. This amount 
of Sn!? is one-fifteenth the maximum per- 
missible concentration. 

An alternative method for the determina- 
tion of Sn?! breakthrough consists of dilut- 
ing the eluted sample so that both the 
initial and the subsequent measurements 
can be made with a crystal scintillation 
detector. 


(b) PREPARATION OF THE CHELATE 

As obtained from the generator, In'!3™ 
Is in ionic, carrier-free form and must be 
incorporated into a suitable chemical form 
for brain scanning. To produce the DTPA 
chelate, after elution of the In!?» from the 
column with 8 cc. of 0.05 N HCl, 200 ug. of 
Fet++ in 0.2 cc. of oog N HCI are added 
to facilitate binding of In" to the DTPA. 
After adding the Fe+++, 1.6 mg. of DTPA 
is added and the pH of the resulting solu- 
tion is adjusted to 7.0~7.5 by the addition 
of o.c N NaOH. 

The product In" DTPA is then ster- 
lized by autoclaving at 250°F. at 15 
pounds per square inch pressure for 20 
minutes. Finally the radiopharmaceutical 
is assayed against a Sn!? — [n!?m standard 
in an ionization chamber. 

Because of the short physical half-life of 
In", it is not possible to check each prep- 
aration for bacterial contamination prior to 
administration to each patient. Therefore, 
in addition to use of sterile and pyrogen- 
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tested reagents, we initially and periodi- 
cally check for pyrogenicity of the products 
in rabbits following the recommendations 
of the U. S. Pharmacopoeia.’ To date, no 
evidence of bacterial contamination of the 
columns has been encountered nor have 
any untoward reactions of any type been 
noted in over 400 administrations of [n!n 


DTPA to patients. 


TOXICOLOGY 
(a) RADIATION 


[n"m DTPA is rapidly excreted by renal 
glomerular filtration with a biological half- 
time in the blood of £9 minutes in 8 patients 
with normal renal function. Approximately 
60 per cent of the injected dose was re- 
covered in the urine in the first 150 minutes. 
Therefore, the organ which receives maxi- 
mum radiation is the bladder. Even if we 
neglect urination and assume complete 
decay of the radioactivity within the blad- 
der, the bladder dose is low. Table 1 sum- 
marizes the dose to the bladder, blood and 
body. 


(b) CHEMICAL 


1. Indium Toxicity. The toxicology of 
the element indium depends on the chemi- 
cal form which is administered. Ionic in. 
dium can result in death if doses of the 
order of fractions of a mg./kg. are injected 
intravenously into rodents. Indium oxide, 
which is extremely insoluble, is less toxic. 
Cumulative doses up to a total dose as 
high as 424 mg./kg. have been injected 
into rabbits without effect! 

In brain scanning, the dose of adminis- 
tered indium is several orders of magnitude 
less than the toxic dose of ionic indium. 
Since we use the DTPA chelate, the safety 
factor is even greater. A 70 kg. adult who 


TABLE I 


DOSE FROM IN!3™ DTPA 











Blood 0.0696 rad/mc 
Body O.OOgI rad/mc 
Bladder 
inner surface 
outer surface 


.§§2 rad/mc 
.143 rad/mc 
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receives 15 mc of indium DTPA receives 
less than 10-? gm. of indium, ;.e., less than 
one-billionth of a gram. 

2. Iron Toxicity. When injected intra- 
venously, elemental iron is also known to 
be quite toxic; however, doses up to 70 mg. 
may be administered to animals without 
toxic effect. The use of only 200 ug. iron 
in the preparation of indium DTPA pro- 
vides a wide margin of safety. 

3. DTPA Toxicity. Chelates have been 
widely used as metal-binding agents in 
clinical medicine. A 1.6 mg. dose of DTPA 
is 1/200,000 of the recommended thera- 
peutic dose. 

Over 400 brain scannings have been per- 
formed with 15 mc of In!» DTPA at the 
Johns Hopkins Hospital since January, 
1967, without any evidence of untoward 
reactions of any type. 


TUMOR-TO-BRAIN RATIOS IN MICE 


Seventeen black mice (C57 strain) bear- 
ing transplantable ependymomas were in- 
jected intravenously with 75 pelke., In? 
DTPA and 30 uc/kg. Tc?» pertechnetate. 
The ratio of each radiopharmaceutical in 
tumor compared to normal brain was de- 
termined at autopsy. 

The results are summarized in Table rr. 

In» DTPA had at least a comparable 
ratio compared to Tc??» pertechnetate. 


BIOPSY STUDIES IN PATIENTS 


After determining the tumor:brain ra- 
tios of Ini» DTPA in animals and the 
safety of the agent, biopsy studies were 
carried out in patients. In 19 patients with 
positive brain scans suggesting à mass 
lesion, 7. mc each of Tc?» and [n*m 
DTPA were injected at the time of cran- 
iotomy. Representative samples of the 
tumor and, when feasible, surrounding 


Taste II 


TUMOR-TO-BRAIN RATIO 











Time after Injection In?" DTPA pe 
IO min. 17 11 
30 min. 25 13 
60 min. 24 17 





Indium 113m Diethyltriaminopentacetic Acid 


Tase III 


TUMOR-TO-BRAIN RATIO 








a or 


No.of — [qmm DTPA Tc 


'Tvpe of Lesion 
yF Patients 





Meningioma 
Glioblastoma 
Benign Bone 
Tumor 
Astrocytoma 
Ependymoma 





ai : 
Total 13 





* It was believed to be in the best interest of the patient not 
to biopsy normal brain tissue in 6 patients. 


normal brain tissue were assayed for 
radioactivity and the ratio of activity of 
the tumor compared to normal brain was 
determined. The ratio with In?» DTPA 
was at least as high as that obtained with 
Tc? pertechnetate and are shown in 
Table ur. 

It is noteworthy that the concentration 
ratio with both agents was much lower 
than in experimental tumors in mice. In 
every patient, an attempt was made to 
obtain the biopsies 1 hour after injection of 
the dose. The range was 30 to g0 minutes. 


BRAIN SCANNINGS WITH BOTH AGENTS 
IN THE SAME PATIENT 


Paired brain scannings were performed 
in 87 patients of whom 36 had an abnormal 
scan with both In?» DTPA and Tc? per- 
technetate (Fig. 1, 4-D). Normal scans 
were obtained in 51 patients (Fig. 2, /7-D). 
In all cases, the scans were equivalent in 
appearance. Each agent adequately demon- 
strated the lesions (Table rv). Neither 
agent was specific for the detection of brain 
tumors. 


DISCUSSION 


In!» DTPA appears to compare favor- 
ably as a brain scanning agent with Tc**^ 
pertechnetate. The resultant photo images 
from both agents are comparable and the 
tumor:brain ratios determined at opera- 
tion are similar. The Sn-In generator sys- 
tem has certain advantages. First, the par- 
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FIG. 1. (Æ and B) Abnormal Tc?" pertechnetate brain scans. (C and D) Repeat scans on 
same patient using [In!?" DTPA. The pathologic di: ignosis Is meningioma. 


Tage IV ent radionuclide has a long halflife (118 
Dime. ap — — ^c "Y'rü :113m Tp . 499m 
UI PAIRED STUDIES Wiri 18/99 DTPA AND Te days) and must be replaced only at 6 Rod 
intervals, which greatly reduces shipping 
costs. This is a particular advantage in 
areas where weekly shipments of the Mo. 
Tc generator may be troublesome. Second, 
the daughter product In, a trivalent 
| anion, has predictable chemical behavior. 
Postoperative bone defect 
| "Third. the chelate does not accumulate in 
Subdural hematoma 
ne ne the NRT or choroid plexus, eliminating 
Diagnosis unproven the need for pot: issium perchlorate. 
51 Negative with Both Studies The relative cost per brain scanning de- 


Total Patients 87 
nod. pends on the number of studies per week. 


36 Positive with Both Studies 


Metastatic 

Meningioma 

Cerebral vascular accident 
Skull metastasis 


Um ~] 


nm 


I R N 


_— 
— 





Indium 113m Diethyltriaminopentacetic Acid 


Fic. 2. (4-D) Normal In'?» DTPA brain scans. 


An estimate of present day costs in using 
10 millicurie doses for brain scans is pre- 
sented in Table v. 

There are certain disadvantages in the 
use of In» DTPA. Although preparation 
of the radiopharmaceutical is easy and 
quick, the product of the generator cannot 
be used directly as in the case of Tc??" per- 
technetate. The rapid decay of the In» 
necessitates rapid performance of the scan- 
ning, and if repeat scannings are desired 
more isotope must be administered. The 
higher energy of In'?" requires thicker 
septa in the collimators of scanners and 
cameras and thereby results in less sensi- 
tivity. 

SUMMARY 


We have developed and evaluated a new 


radiopharmaceutical, indium 113m diethyl- 
triaminopentacetic acid (DTPA) as a brain 
scanning agent. In!?» which has a half-hte 
of 1.7 hours is obtained in ionic, carrier- 
free form by elution of a Sn"? (tin) genera- 
tor system. 

The chelate In?» DTPA can be pre- 
pared simply and rapidly. Satisfactorv 


TABLE V 


RELATIVE COSTS OF INI?" DTPA AND 
TC99? pERTECHNETATE 








No. of Scans 


per Week Mo-Tc 


Sn-In 





IO $11.50/scan 
20 $7.75/scan 


3. 60/scan 
3.20/scan 


s 
~*~ 
Y 

P4 
t 
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tumor:brain concentration ratios were 
found in experimental tumors in mice and 
in brain tumors in man. Over 400 brain 
scannings have been performed with satis- 
factory results and without untoward ef. 
fects. In 87 patients, brain scannings with 
both T'c**» pertechnetate and In» DTPA 
were carried out. The images were essen- 
tially the same with both agents. 

In?» DTPA was found to be comparable 
to T c**» pertechnetate in the detection and 
characterization of intracranial lesions. The 
long half-life of 118 days of the parent 
Sn'? is an advantage since replenishment 
is required only at 6 month intervals rather 
than weekly as in the case of the Mo??/ 
Tc??» generator. 


John P. Clements 

Division of Nuclear Medicine 
The Johns Hopkins Hospital 
601 North Broadway 
Baltimore, Maryland 21205 


The authors are indebted to K. S. Harri- 
son, L. A. Natarajan, E. U. Buddemeyer, 
J. K. Langan, R. Longo, and W. A. North 
for their invaluable assistance in obtaining 
data, 
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TISSUE AND TUMOR CONCENTRATIONS OF 
TECHNETIUM 99m AS PERTECHNETATE* 


By FRED S. MISHKIN, M.D.,t and ISAAC C. REESE, M.S. 


INDIANAPOLIS, INDIANA 


INCE being introduced as a clinically 

useful scanning agent by Harper! in 
1962, technetium ggm and its compounds 
have proven excellent scanning radio- 
pharmaceuticals. The short half life allows 
administration of relatively large amounts 
of radioactivity with the consequent high 
count rate producing good statistics for 
scanning, while giving comparatively low 
radiation exposure to the patient. This 
and the favorable properties of the 140 
kev. gamma emission give images of better 
resolution in shorter times than possible 
with previously available agents. Tech- 
netium ggm as pertechnetate has proven 
particularly useful in brain scanning with 
an accuracy of detecting abnormalities in 
the head comparable to the radioactive 
mercury compounds of chlormerodrin.?? 
The accumulation of sodium pertechnetate 
in structures of the head is nonspecific and 
abnormalities in the soft tissues of the 
scalp, such as laceration, and in bone, such 
as metastases, will cause a "positive" brain 
scan, often indistinguishable from brain 
abnormalities. This lack of specificity 1s 
relative, as a recent study comparing ionic 
strontium 87m and sodium pertechnetate 
Tc?" suggests that pertechnetate has a 
relatively greater affinity for cerebral 
abnormalities and a lesser affinity for 
reactive bone that does ionic strontium.’ 
The direct measurement of tissue concen- 
tration of technetium 9gm in this present 
study was undertaken to confirm this rela- 
tive specificity and to help understand in 
better detail the structures normally seen 
in the technetium ggm brain scan. 


MATERIAL AND METHOD 


Three patients who had abnormal tech- 
netium ggm brain scans due to different 


causes were selected for tissue concentration 
studies. All scannings were performed using 
a commercially available Picker Magna- 
scanner with a 3X2 inch sodium iodide 
crystal and a coarse (suboptimal) 19 hole 
collimator. The time constant was modified 
to 1/32 second, and the light pipe was 
modified with a coping saw into a 5 mm. 
x1 mm. rectangle. All scannings were 
made at a 30 per cent of full scale contrast 
(30 cpm differential). One hour after 200 
mg. of oral perchlorate and 1 5 minutes after 
intravenous injection of 200 uc per kg. of 
technetium 99m as pertechnetate,* the high 
count rate was found over the vertex using 
a 135 to I 50 kev. window, the voltage set 
accordingly and scanning begun at a 
linear speed of 60 cm. per minute (as fast 
as our machine will go). In the patient 
with a suspected bony abnormality 100 uc 
of strontium 85 as strontium nitrate was 
injected intravenously and the head 
scanned 72 hours later. No contrast en- 
hancement other than film recording was 
desired on the strontium 85 scan so the 
cpm differential was set at 100 per cent of 
full scale. 

Each patient was injected with 10 mc of 
technetium ggm as pertechnetate just prior 
to surgery. An aliquot of the technetium 
ggm was saved as a standard. Fresh tissues 
received from surgery, approximately 2 
hours later, were weighed wet and then 
counted in a well-type gamma scintillation 
counter using appropriate spectrometer 
settings. The tissues of the patient who 
received strontium 85 were counted 120 
hours after the injection of strontium and 
compared to an aliquot of the injected 
strontium. The counts from technetium 


* Obtained from a sterile Technekow from Mallinckrodt Nu 
clear, St. Louis, Missouri. 


* From the Department of Radiology, Section of Radioisotopes, Indiana University Medical Center, Indianapolis, Indiana. 


f Assistant Professor of Radiology. 
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Fic. 1. (4) The anterior view of a patient with a meningioma shows a dense, discrete smoothly outlined ac- 
cumulation of activity adjacent to the convexity of the skull characteristic of meningioma. (B) The right 
lateral view shows the same features as the anterior view. There is a double stripe of peripheral activity 
about the posterior portion of the head; the outer stripe is contributed to mainly by the scalp, the inner stripe 


is the outline of the sagittal sinus. 


and strontium were adequately separated 
by the spectrometer as judged by compar- 
ing the counts of the standards alone and 


mixed. 

After the results of tissue analyses sug- 
gested that a great part of the technetium 
99m seen on the scan was in the subcutan- 
eous tissues a fourth patient who had a 
thick rim of peripheral activity on the 
technetium ggm brain scan was studied by 
a repeat scanning performed with an ace 
elastic bandage wrapped tightly in a band 
around the head at the level where pre- 
viously the activity was highest. 


RESULTS 


The scans of the patients with a men- 
ingioma, chronic subdural hematoma and 
fibrous dysplasia are shown (Fig. 1, 4 and 
B;2, A and B; and 3, 4-C). Corresponding 
tissue and tumor levels of technetium ggm 
are given in Table 1 expressed as percentage 
of the administered dose per gram of tis- 
sue. Table 11 compares the concentration 
of strontium 85 and technetium ggm per- 
technetate in the patient with fibrous 
dysplasia. Figure 4, 4 and B, shows the 
anterior views of a patient with no clinical 
neurologic abnormality, the second scan- 


ning having been made with the head 
squeezed by an ace bandage in the area 
marked. Although these studies are not 
strictly comparable, it can be readily seen 
that the area which previously had the 
highest activity now has the least activity. 


DISCUSSION 


The direct tissue measurements suggest 
that the peripheral rim of activity seen in 
the normal brain scan attributed to intra- 
cranial vasculature and tissues‘ is in great 
part due to subcutaneous tissue concen- 
tration of technetium ggm. Although it 
might be argued that while the per gram 
concentration in bone is less, the greater 
density of bone might make it a major 
contributor, That this is not the case is 
suggested by the fact that simple external 
compression significantly alters the ap- 
pearance of the scan (Fig. 4, 4 and B). We 
have seen this phenomenon repeatedly in 
patients who are uncooperative and who 
have to be held firmly in order to obtain 
adequate scans. 

The results also demonstrate that while 
tissue avidity for technetium is nonspecific 
the brain tumor appears to concentrate 
technetium best, having a level twice that 





Tissue and Tumor Concentrations of Tc?*" 


Fic. 2. (4) The anterior view in a patient with a chronic subdural hematoma shows the classic crescentic ac- 
cumulation of activity over the left convexity. (B) The left lateral view shows the activity to be in the 
left frontoparietal area. The lateral scan will consistently show increased accumulation of activity with a 
subdural hematoma if it is performed in a technically satisfactory manner. This is accomplished by setting 
the high count voltage over the vertex with a fixed contrast setting, and ignoring the low count rate. If the 
low count had been chosen over the anterior portion of the hemisphere, and the contrast set accordingly, 
the abnormal accumulation of activity would have been suppressed. 


Fic. 3. (4 and B) The anterior and right 
lateral views with technetium ggm 1n a 
man with fibrous dysplasia show 1n- 
creased accumulation of activity in the 
area of the frontal sinuses. (C) The ante- 
rior view with strontium 85 shows ac- 
cumulation of activity in the frontal 
sinuses. Although the density is not as 
great as seen on the technetium 99m 
scan, there is actually a higher target to 
non-target ratio. This can be estimated 
by comparing the area of the frontal 
sinuses with the periphery of the head on 
both the strontium 85 and technetium 
ggm scans. The higher target to non- 
target ratio for strontium is verified by 
tissue counts. 
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FIG. 3. (D and E) The anteroposterior and right lateral skull roentgenograms of this patient show the produc- 
tion of abnormally dense bone in the area of the frontal sinuses characteristic of fibrous dysplasia. 


in the blood. This suggests that mecha- 
nisms other than simple passive diffusion 
of the radiopharmaceutical following break- 
down of the blood-brain barrier account for 
tumor uptake. The findings in the patient 
with fibrous dysplasia confirm the impres- 
sion that strontium 85 is a better bone 
scanning agent than technetium 99m.The 
fact that the bone levels of technetium in 
this patient are less than in the subcu- 
taneous tissues, raises the question of how 
à positive scan with sufficiently high target 


TABLE I 
TISSUE LEVELS OF TECHNETIUM 99M 
(Per cent administered dose per gram X 10?) 
Chronic 


Subdural 
Hematoma 


lFibrous 


Tissue 
Dysplasia 


Meningioma 


Subcutaneous 

tissue 46 
Periosteum $o 
Bone 
Dura om 0.58 
“Tumor” I. 185 


Blood 


* Subdural membranes. 
[ Affected spongy bone. 


to non-target ratio is achieved. It is possible 
that in this instance it is the magnitude of 
the bone affected that accounts for the 
positive scan. Thus, while the concentra- 
tion of technetium ggm per gram of bone 
is less than in the subcutaneous tissue, 
there is more bone than subcutaneous tissue 
in this area (Fig. 32). 


SUMMARY 


levels of tech- 
netium 99m were performed in patients 
who had a meningioma, chronic subdural 
hematoma and fibrous dysplasia of the 


skull. 


Measurement of tissue 


TABLE II 


TISSUE LEVELS OF TECHNETIUM 99M AND 
STRONTIUM 965 IN FIBROUS DYSPLASIA 


(Per cent administered dose per gram X 10?) 
l'issue Strontium 85 | Technetium ggm 
Subcutaneous 
tissue 
Periosteum 
Cancellous bone 
Spongy bone 
* These counts were not significantly increased over back- 
ground. 
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Fic. 4. (4) Anterior view of a patient with no neurologic deficit is normal. The peripheral activity 1s quite 
thick. (B) Repeat anterior view on this same patient 2 days later with a compression band around the 
head as marked by the arrows. The scans are not exactly comparable, but it can be seen that the area of 
previously highest activity has been reduced to the lowest by means of the compression. This confirms the 
impression that most of the peripheral activity on the scan is due to accumulation in the soft tissues, which 


can be compressed. 


Technetium ggm is shown to concentrate 
in the brain tumor to a level twice that of 
blood. 

Technetium ggm is not specific for brain 
tumors, and concentrates in lesions of bone, 
but to a much less degree than strontium 
8c. Thus it is worthwhile repeating a posi- 
tive technetium ggm scan with strontium 
85 in a patient suspected of having a bone 
lesion, in order to distinguish brain from 
bone lesions. 

The peripheral rim of activity seen in the 
technetium ggm brain scan can be remark- 
ably diminished by external pressure, and 
is thought to be accounted for in great part 
by the subcutaneous tissues, as well as 
the great venous sinuses of the dura. 


Fred S. Mishkin, M.D. 
Department of Radiology 
Indiana University Medical Center 
1100 West Michigan Street 
Indianapolis, Indiana 46202 
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COMMUNICATING HYDROCEPHALUS RESEMBLING 
CORTICAL ATROPHY* 


AN ANALYSIS OF CASES WITH APPLICATION TO THE SYNDROME 
OF "NORMAL PRESSURE HYDROCEPHALUS" 


By HAROLD LEHRER, M.D.1 


NEW ORLEANS, LOUISIANA 


HE diagnosis of cerebral and cortical 

atrophy is generally made at pneumo- 
encephalography and 1s based on the simul- 
taneous presence of enlarged ventricles 
and dilated subarachnoid spaces.?:2957 How 
ever, very similar roentgenographic find- 
ings may be encountered under conditions 
where the clinical context, particularly the 
presence of increased intracranial pressure, 
clearly indicates that they should be in- 
terpreted to represent communicating hy- 
drocephalus rather than atrophy. This may 
occur, for example, after recent cerebral 
hemorrhage, ® 14:18:31,383 in fhistiocytosis- X? 


and in cryptococcal meningoencephalitis.”! 
In experimental animals, a similar picture 


of communicating hydrocephalus with di- 
lated ventricles and large cortical subarch- 
noid spaces can be produced by the sub- 
arachnoid injection of various foreign sub- 
stances, including blood and colloidal solu- 
tions of kaolin, india ink, carbon, and 
thorotrast.*:7:11,22,34.39 To emphasize the 
altered physiologic meaning of diffusely 
widened cortical subarachnoid channels at 
pneumoencephalography in patients with 
high pressure communicating hydrocepha- 
lus, the terms "pseudo cortical atrophy" 
and "expanded subarachnoid space sign" 
have been introduced." These forms of 
diffuse dilatation of subarachnoid channels 
have been ascribed to blockage primarily 
at the level of the arachnoid villus where 
"pores" may be blocked by large molecules 
or particles.^? Clinically the situation is 
probably more complicated, even in rela- 
tively acute forms of communicating hy- 
drocephalus, and probably involves clog- 


ging of some cortical subarachnoid chan- 
nels as well. 

There is another group of patients with 
communicating hydrocephalus who show 
dilated subarachnoid channels at pneumo 
encephalography which are predominantly 
localized to the midline, especially the peri- 
callosal cisterns. The appearance of the 
latter on anteroposterior roentgenograms 
may often justify the playful eponym, “the 
rabbit ear sign.'?* These channels appear 
to be serving the function of collateral 
pathways for the circulation of cerebro- 
spinal fluid from the regions of the poste- 
rior fossa cisterns and basal cisterns to- 
wards the frontal convexity when more 
lateral channels are not available. Again 
their significance is different from that of 
midline dilated channels seen with cere- 
bral atrophy. These patients have partial 
obstruction to the circulation of cerebro- 
spinal fluid because of tumors, generally in 
the posterior fossa or at the base, or from 
arachnoidal adhesions resulting from previ- 
ous trauma, hemorrhage or meningitis. In 
some cases, loculated subarachnoid fluid 
between basilar adhesions forms a cyst-like 
mass; in others, the obstructive effect of 
basilar adhesions may be amplified bv 
enlargement of the third ventricle!’ tending 
to block the incisura (Case 111). 

In this group of patients the sympto- 
matology is usually less acute than in the 
prior group and cerebrospinal fluid pressure 
may not be elevated bevond the upper 
limits of normal. The diagnosis in acute 
forms of communicating hydrocephalus is 
usually not difficult because of the clinical 


* From the Departments of Radiology, Charity Hospital and Tulane University School of Medicine, New Orleans, Louisiana. 
T Present Address: Department of Radiology, New York Medical College, New York, New York. 
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context, but a less acute case seen at à 
more or less compensated stage in which 
further ventricular dilatation occurs more 
slowly can easily be confused with cerebral 
atrophy. In view of the beneficial effect of 
shunt procedures on some of these patients 
with “normal pressure hydrocephalus,” 1$ 
or as it is sometimes known informally, 
“the Adams syndrome,” it will become in- 
creasingly important in the future to define 
and diagnose the condition in this class of 
patients more accurately. It is hoped that 
the illustrative cases and discussion pre- 
sented below will be a means to this end. 


REPORT OF CASES 


Case 1. H. C., T67-155384, a 54 year old 
hypertensive Negro male was admitted in 
coma on April 22, 1967 after an episode of 
severe headache with nuchal rigidity. Lumbar 
puncture revealed grossly bloody fluid with an 
opening pressure of 350 mm. H;O. Carotid and 
vertebral arteriograms showed no evidence of 
aneurysm. The patient gradually became more 
alert over the next month, although there was 
still some disorientation and confabulation. A 
lumbar puncture on May 18, 1967 showed 
xanthochromic fluid with an opening pressure 
of 220 mm. H;O. A pneumoencephalogram was 
done 4 days later, exactly 4 weeks after admis- 
sion. There were dilated subarachnoid spaces 
in both sylvian fissures with ventricular dila- 
tation (Fig. 1, Æ and B). A soft tissue mass 
noted in the wall of the right lateral ventricle 
was thought most likely to be a clot or sub- 
ependymal hemorrhage, but the possibility of a 
tumor with secondary hemorrhage could not 
be entirely excluded. The patient improved for 
a time on solu-medrol therapy. A repeat pneu- 
moencephalogram on June s, 1967, 2 weeks 
later, showed that the soft tissue mass in the 
right lateral ventricle had disappeared but that 
the ventricles were more dilated (Fig. 1C). The 
patient did well immediately after the second 
study but became obtunded several days later 
and expired on June 12, 1967. A lumbar punc- 
ture on the day of his death showed crystal 
clear fluid with an opening pressure of 110 mm. 
HO. 

At postmortem examination the presence of 
a subependymal hematoma on the right was 
confirmed. 


Communicating Hydrocephalus 


Comment. 'The simultaneous presence of 
dilated subarachnoid spaces and dilated 
ventricles under conditions of increased 
intracranial pressure represents the com- 
municating hydrocephalus of cerebral hem- 
orrhage. In acute stages this is due to 
absorptive blockage by blood elements at 
the archnoid villi. However, the effect 
may be augmented by partial clogging of 
subarachnoid channels by clotted blood. 
After an interval of 10 days to several 
weeks!* leptomeningeal fibrosis occurs and 
obstructive effects may persist. Thus, in 
this case ventricular enlargement pro- 
gressed despite the clearing of cerebrospinal 
fluid. Under favorable conditions, when 
there is no hemorrhage into the brain itself, 
the communicating hydrocephalus of acute 
subarachnoid hemorrhage may be clinically 
completely reversible. Blood tends to clot 
slowly in the subarachnoid space. Blood 
elements can be absorbed fairly rapidly 
from the subarachnoid space and be 
“washed out" by the flow of cerebrospinal 
fluid^9 832? possibly aided by ciliary activity 
on the ependymal surfaces." It has been 
estimated that about Io per cent of pa- 
tients surviving acute subarachnoid bleed- 
ing progress to the development of hydro- 
cephalus from arachnoiditis.** On post- 
mortem study the percentage incidence 
may be lower but at least focal fibrosis and 
adhesions are invariably found.” 


Case ir. R. D., T64-62283, was first seen 
shortly after birth for “a large head.” At the 
age of 2 months he was admitted and pneumo- 
encephalography was done (Fig. 2, 4, B and C). 
He was readmitted in May, 1964, 3 months 
later, because of rapidly increasing head size 
and chronic fever for a re-evaluation which in- 
cluded a repeat pneumoencephalogram. On 
both occasions, the roentgenograms showed 
that the ventricles were not as large as might 
be expected in relation to the size of the skull, 
and some observers considered that the child 
had ‘“‘macrocephaly.” The dilated subarachnoid 
channels present in the right insula and over 
the left cerebral hemispheres suggested "atro- 
phy” to other observers. Hydrocephalus pro- 
gressed much more slowly until the fall of 1965 
when the patient was admitted to another 
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hospital after an acute illness. There a lumbar 
puncture bloody cerebrospinal fluid 
under very high pressure. He was readmitted to 
Charity Hospital and a third pneumoencephalo- 
graphy was done. It showed evidence for in- 
creased intracranial pressure with suture sepa- 
ration. There were large basilar cisterns and 
an area of porencephaly in the left frontoparie- 
tal region (Fig. 2D). Bilateral carotid arterio- 
grams showed no aneurysm or arteriovenous 
malformation, 


showed 
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Fic. 1. Case 1. (4) Pneumoencephalogram 
in the frontal projection demonstrates 
ventricular enlargement and dilatation 
of the cisterns over the insula. In the 
lateral wall of the right lateral ventricle 
there is a soft tissue bulge due to a sub- 
ependymal hemorrhage with probably 
intraventricular clot. The midline cis- 
terns are somewhat dilated. (B) Same 
examination, lateral view. The soft tissue 
mass in the ventricle is shown as well as 
the dilated midline subarachnoid chan- 
nels, some of which are seen to extend 
over the frontal region. (C) Pneumoen- 
cephalogram, second examination 2 

weeks later. There has been some inter- 
val dilatation of the ventricles. The soft 
tissue bulge into the right lateral ven- 
tricle has largely disappeared, although 
at postmortem examination a subepen- 
dymal hematoma was still found. 


Comment. This case originally showed 
small ventricles which led some observers to 
consider the diagnosis of ‘‘macrocephaly.”’ 
However, the head circumference measured 
42 cm. at I month, 48 cm. at 5 months, 54 
cm. at 8 months and then stabilized, mea- 
suring 55 cm. at I5 months. This is not 
consistent with a diagnosis of either mac. 
atrophy but indicates a 
communicating hydrocephalus which has 


> 
rocephaly” or 
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reached a state of compensation. The find- 
ings on the last pneumoencephalogram 1n- 
dicated that the "incisural block" after 
the last episode of hemorrhage? caused 
further decompensation in the communi- 
cating hydrocephalus. 


Case ri. I. F., a 43 year old white male, was 
admitted to Charity Hospital in August, 1966, 


Fic. 2. Case u. (4) A pneumoencephalo. 
gram obtained at the age of 2 months be- 
cause of a “large head" shows rather 
small ventricles. (B) The extra-light 
print demonstrates the increased air in 
the subarachnoid space in localized con- 
vexity channels on the left as well as in 
the insular region. (C) Same patient and 
examination, lateral view. Similar find- 
ings to those in Figure 2, 4 and B were 
noted at the age of 5 months. 


suffering from severe headaches, disorientation 
and a peculiar gait disturbance. Lumbar punc- 
ture showed clear fluid under a pressure of 
210 mm. H:O. On carotid arteriography on 
August 22, 1966, some evidence of upward 
bowing of the anterior cerebral artery with 
narrowing of the supraclinoid carotid artery 
was noted (Fig. 34). A pneumoencephalogram 
1 week later confirmed the presence of ventric- 
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liG. 2. (D) Following an episode of acute intracranial 
hemorrhage, the patient's condition deteriorated 
and this third pneumoencephalogram shows very 
large basal cisterns (“‘incisural block") and marked 
separation of the coronal suture. There is a large 
area of porencephaly in the left posterior frontal 
region. 


ular dilatation and there was widening, or at 
least prominence of midline cisterns (Fig. 32.9 
and C). The aqueduct and fourth ventricle 
were displaced upwards and posteriorly sug- 
gesting a basal mass. During his stay in the 
hospital, the patient improved considerably, 
especially after pneumoencephalography. A 
bilateral Babinsky sign which had been present 


= 
7 


(B) Pneumoencephalogram 1 week later shows ventricular enlargement with prominent pericallosal 
cisterns in the frontal projection. (C) Lateral view. An autotomogram discloses backward displacement 
of the fourth ventricle and aqueduct. Note some erosion of the dorsum sellae and prominent midline 
subarachnoid channels. 


iG. 3. 
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hic. 3. Case mm. (4) A right carotid arteriogram 
shows narrowing of the carotid artery just above 
the anterior clinoid suggesting the presence of 
basilar leptomeningeal thickening. 


disappeared, his gait improved and his mental 
status cleared, although memorv loss remained. 
The patient was discharged to be followed up. 
He was re-admitted 3 months later severely 
disoriented, giving the date as "1946." There 
was no papilledema but bilateral Babinsky 
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signs again were present raising the question of 
a tumor. Lumbar puncture showed an opening 
pressure of 240 mm. H;O. A combined air and 
positive contrast ventriculography done on 
December 2, 1966 again showed posterior dis- 
placement of the aqueduct and fourth ventricle 
(Fig. 3D), with markedly dilated lateral ven- 
tricles. The third ventricle was only partially 
demonstrated. 'The patient died later that day. 

Postmortem examination revealed broncho- 
pneumonia, some of which may have been due 
to aspiration, and agonal cerebral edema. There 
was a markedly dilated third ventricle and 
some thickening of the basilar meninges. There 
was no evidence of tumor or cortical atrophy. 


Comment. 'The presence of basal lepto- 
meningeal thickening is suggested by the 
narrowing of the supraclinoid portion of 


Vic. 3. (D) Lateral view of positive contrast ven- 
triculography done at the patient's readmission 
several months later, showing the backward dis- 
placement of the fourth ventricle and the upward 
and backward displacement of the aqueduct. 


Communicating Hydrocephalus 


the carotid artery. Apparently, basal ad- 
hesions together with the large third ven- 
tricle, and possibly in association with 
loculated cerebrospinal fluid, produced the 
intermittent tumor-like effects which were 
present clinically as well as roentgeno- 
graphically. 


Case iv. W. B., L60-342920, a 61 year old 
Negro male, stopped working regularly 1 year 
before admission because of severe frontal and 
occipital headaches. For about 1 month prior 
to admission he had been depressed with "cry- 
ing spells." On neurologic examination he 
showed a marked intention tremor bilaterally 
and an abnormal gait with staggering. Lumbar 
puncture disclosed clear fluid with an opening 
pressure of 140 mm. H:O. Pneumoencephal- 
ography done on January 25, 1965 showed some 
dilated subarachnoid channels over the frontal 
region and in the midline with a "rabbit ears" 
appearance of the pericallosal cisterns (Fig. 4, 
A and B). It was thought that the diagnosis 
was either presenile atrophy or a tumor which 
had not been demonstrated. The patient ex- 
pired on March 3, 1965 of massive pulmonary 
emboli. 

At postmortem examination there was a 
small glioma of the left side of the vermis and 
adjacent cerebellum. The ventricles were en- 
larged but the external surface of the brain 
showed “no gross abnormality” in the frontal 
and temporal regions. 

Comment. A clue to the correct diagnosis 
of cerebellar glioma is provided in retro- 
spect by the narrowing of the prepontine 
cistern in Figure 4.7. 


Case v. H. B., T64-62055, a 31 year old 
Negro female, was referred to Charity Hospital 
from a neighboring Ear, Nose and Throat 
Hospital because of the finding of papilledema 
in the left eye accompanied by sixth nerve 
palsy. There was a history of headaches for 1 
month prior to admission. Neurologic examina- 
tion was negative except for the admission find- 
ings. Lumbar puncture showed an elevated 
opening pressure of 330 mm. H:O and protein 
in the cerebrospinal fluid was increased at 10% 
mg. per cent. Pneumoencephalography “done 
under ideal conditions" showed no ventricular 
filling and dilated pericallosal cisterns (Fig. 5, 
A and B). During her 2 week stay in the hospi- 
tal, the patient improved rapidly and her 
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liG. 4. Case 1v. (4) The prepontine cistern is narrowed and there is a markedly dilated pericallosal cistern 
and some dilated midline channels along the course of the callosomarginal artery. (B) Frontal view. In 
the frontal projection one sees the dilated pericallosal cisterns with the anterior cerebral arteries as two 


white round dots within them. 


papilledema and sixth nerve palsy disappeared. 
Her family refused further diagnostic studies. 
She was followed for 3 months in the outpatient 
clinic, and remained asymptomatic. 


Comment. The main differential diagno- 
sis in this case was pseudotumor. The un- 
derlying acute etiology of her condition 
was not determined but its effects appear 
to have been self-limited. 


FIG. 


3 months. His difficulty had begun 12 


CASE VI C. M., 164-4265 $4, a 67 year old 
white male was studied in October, 1964. He 
was unable to walk after gastric surgery which 
had led to a period of postsurgical bed rest for 
years 
earlier and he had had a spastic gait for a long 
period of time. There was questionable optic 
atrophy on the left but no abnormalities in in. 
telligence or personality. Pneumoencephalog- 
raphy was repeated 3 times without ventricular 


5. Case v. (4 and B) Typical “rabbit ears” dilatation of the pericallosal sulci. Air is seen in the right 


sylvian region. The air shadow, inferior and to the right of the pericallosal cistern represents dilatation of 
the retropulvinar portion of the cisterna ambiens,’ probably continuous with a dilated cisterna velum 


interpositum along the roof of the third ventricle. 
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filling. On reviewing these studies, one could 
see typical dilatation of the pericallosal cis- 
tern which described a bowed upward course 
indicating ventricular enlargement. 


Comment. This case may fall in the cate- 
gory designated as "hydrocephalic para- 
plegia. "9? The history of worsening after 
prolonged bed rest is suggestive and will 
be commented upon in the Discussion. 


Case vir. J. Y., T67-148650, a 45 year old 
mentally retarded Negro male was admitted to 
Charity Hospital in January, 1967. He had be- 
gun to complain of severe headaches 10 days 
prior to admission. The headaches were of 
short duration, coming on suddenly and sub- 
siding after several minutes and accompanied 
by nausea and vomiting. Neurologic examina- 
tion was normal except for low general intelli- 
gence and bilateral papilledema. A pantopaque 
ventriculography was attempted but on the 
first roentgenograms (Fig. 6, Æ and B), it was 
noted that pantopaque had been injected into 
very large pericallosal cisterns from which 
cerebrospinal fluid had gushed, apparently un- 
der increased pressure. Subsequently some air 
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was instilled into the ventricles. No air passed 
beyond the first centimeter of the aqueduct de- 
spite appropriate maneuvers. The examination 
was followed by a posterior fossa exploration at 
which an enlarged fourth ventricle was found. 
The patient expired 1 week later but permission 
for a postmortem examination was not ob- 
tained. 


Comment. In this case there are features 
of both obstructive and communicating 
hydrocephalus. A clinically intermittent 
aqueduct obstruction co-existed with the 
markedly dilated pericallosal cisterns gen- 
erally found in a communicating hydro- 
cephalus. Schechter, Bull and Carey* 
have reported 2 similar cases of aqueductal 
stenosis with dilated pericallosal cisterns. 
In view of the generally accepted intraven 
tricular origin of cerebrospinal fluid? it is 
not clear how in these cases dilated perical- 
losal cisterns may be performing their 
usual shunt-like function. It is possible 
that fluid can pass into this collateral path- 
way by an intermittent valve-like mecha- 
nism of communication from the ventricles, 


Fic. 6. Case vit. (4) Fortuitous injection of the pericallosal cisterns which were dilated and under increased 
pressure in a patient with aqueductal stenosis. (B) The communication with the cistern over the insula 


is shown to occur anteriorly. 
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perhaps via the cisterna velum interposi- 
tum at the roof of the third ventricle or the 
cistern of the lamina terminalis anteriorly 
when the intraventricular pressure rises 
beyond a critical value. The present case 
also provides a striking roentgenographic 
demonstration of the path anteriorly be- 
tween dilated pericallosal cisterns and the 
cisterns over the insula. 
DISCUSSION 

According to the consensus of most 
authors, cerebrospinal fluid forms at the 
choroid plexus.^9*?* Since it is normally 
quite low in protein content compared to 
blood or serum, cerebrospinal fluid has a 
lower viscosity. It normally circulates 
freely out of the ventricular system into the 
spinal subarachnoid space. After streaming 
around the brain stem and over the con- 
voluted subarachnoid spaces of the cerebral 
hemispheres, it is absorbed into the venous 
circulation. The primary sites of absorption 
are the arachnoid villi found in groups at 
the sagittal sinus.*?* The circulation of the 
cerebrospinal fluid is probably aided by the 
pulsations transmitted from cerebral ar- 
terles? but is rather sluggish when com- 
pared to that of blood. 

An obstruction to the egress of fluid from 
the ventricular system causes ventricular 
enlargement proximal in flow to the site of 
obstruction. Indeed, this constitutes one of 
the best proofs for a ventricular origin of 
cerebrospinal fluid.” An obstruction distal 
to the outlets of the fourth ventricle results 
in a "communicating hydrocephalus” by 
the usual terminology of Dandy, since a 
"dyestuff" injected into the ventricular 
system then “communicates”? with and can 
be recovered from the spinal subarachnoid 
space. Anatomic obstruction of varying 
degrees may occur at the basal cisterns, the 
incisura, the subarachnoid channels be- 
tween the basal cisterns and the convexity, 
or at the level of the arachnoid villi. The 
term “‘incisural block" has sometimes been 
used to describe the dilatation of basal 
cisterns found in communicating hydro- 
cephalus, but it should be kept in mind that 
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pooling of cerebrospinal fluid at the basal 
cisterns may not indicate a block at the 
incisura itself, since it can also be found 
with any site of blockage to flow between 
the basal cisterns and the sagittal sinus. 

Adams and his colleagues? have sug- 
gested that "Pascal's principle" may ex- 
plain why a communicating hydrocephalus 
may reach a stage where ventricular en- 
largement does not progress further at the 


same pace, and pressure 1s within upper 


normal ranges. The ascription of the 
tendency of hydrocephalus to reach a com- 
pensated state’? to a single physical prin- 
ciple is undoubtedly a considerable over- 
simplification. There are probably a group 
of factors involved whose combined effects 
tend to make the process self-limiting. For 
example, the widening of collateral sub- 
arachnoid channels, by promoting an in- 
crease in flow, tends to limit further effects 
of obstruction. There are observations 
which indicate that there may be available 
slower components of cerebrospinal fluid 
absorption than the arachnoid villus-sagit- 
tal sinus route which come into play when 
the latter is blocked or hypofunctioning. 
There is evidence that there are secondary 
sites of absorption via the lymphatics 
around cranial and spinal nerves.^?! Some 
experiments using radioisotopes, although 
disputed, can also be interpreted to indicate 
the existence of slower alternative routes of 
cerebrospinal fluid absorption in communi- 
cating hydrocephalus.?3?3»35 One might 
expect increased rates of absorption if 
nerve root sleeves were further distended 
by the hydrostatic effects of 
gravity acting in the upright posture.???? 
lhus, prolonged bed rest might be dele- 
terious (Case vi). The effects of gravity in 
favoring various subarachnoid collateral 
pathways intracranially or in causing small 
displacements at the incisura might also 
account for the variability in symptomatol- 
ogy that is part of the "Adams syndrome." 

It has been mentioned by several authori- 
ties that "cerebral atrophy" is a diagnosis 
that should be made with care on pneumo- 
encephalography of young children? 


pressure 
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because pneumoencephalographic findings 
of dilated cortical subarachnoid channels 
may disappear and be normal on subse- 
quent examinations in later life. Zellweger? 
has attributed this to the plability and 
softness of the brain in infancy, but it 1s 
possible that such subarachnoid channels 
represent a communicating hydrocephalus 
which proves to be temporary in favorable 
instances as compensatory mechanisms 
develop. 

It is difficult to set forth precise roent- 
genographic criteria which invariably will 
serve to differentiate communicating hy- 
drocephalus from atrophy on pneumoen- 
cephalography when the patient is seen at 
a stage where cerebrospinal fluid pressure 
is within normal limits. The basal cisterns 
tend to be larger and the pericallosal cis- 
terns more dilated in patients with com- 
municating hydrocephalus relative to the 
other subarachnoid channels. But since 
the pericallosal cisterns communicate with 
other midline channels and with the cis- 
terns of the middle cerebral artery over the 
insula and orbital surface of the frontal 
lobe (Case vir), a definite distinction from 
atrophy may not be possible roentgeno- 
graphically. The taking of delayed roentgen- 
ograms, in which it is shown that no air 
passes to the lateral parietal cortical chan- 
els? may be helpful. A provocative test by 
controlled lumbar subarachnoid infusion 
of saline has been suggested* which might 
be useful in doubtful cases. 

Adams and his colleagues!” have set forth 
a clinical picture which they feel is typical 
for “low pressure hydrocephalus.” It con- 
sists of disturbances in thinking and be- 
havior with memory loss and loss or exces- 
sive lability of affect, accompanied by gait 
disturbances which suggest a “frontal lobe 
ataxia.” In their patients who improved 
after a shunt procedure, reversibility of the 
abnormal mental and emotional picture 
was more rapid than that of the gait. 
Adams! states that “it (low pressure hydro- 
cephalus) should be looked for with partic- 
ular care in cases of prolonged stupor after 
head injury, in torpid states following rup- 
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ture of a saccular aneurysm and subarach 
noid hemorrhage, in a similar syndrome 
with protracted bacterial or 'chemical 
meningitis, or neoplasia of the meninges." 
In their earlier communication on this 
topic, Adams ef a/.? suggested that another 
clue to the diagnosis was the "inexplicable" 
fluctuation in the patient's condition (Case 
ri of this report), and an adverse reaction 
to pneumoencephalography in some pa- 
tients. 

Future investigation of these cases of 
compensated communicating hydrocepha- 
lus will be aided by the use of agents which 
give information about the flow of cerebral 
fluid. Following the reports of Di Chiro and 
his collaborators,?!? the lumbar injection 
of radioiodinated serum albumin has been 
widely performed. Positive contrast 
agents!?^? may be useful but mixing artı- 
facts and layering will probably remain 
more formidable problems than in the sys- 
temic circulation because of the relatively 
slow flow of cerebrospinal fluid.?? As a con- 
trast agent, air gives little information 
regarding the physiology of cerebrospinal 
fluid flow, since the path of injected air is 
largely determined by buoyancy effects 
against gravity." However, the use of air 
remains valuable since it provides optimal 
anatomic detail. If we recall the remarks of 
Robertson, that "encephalographic pic- 
tures are shadows and pathological deduc- 
tions may be made only by correlation 
with previous experiences and pathologic 
knowledge," these detailed images can be 
correctly interpreted. 


SUMMARY AND CONCLUSIONS 


Communicating hydrocephalus may 
have a roentgenographic appearance which 
resembles cerebral atrophy at pneumoen 
cephalography. The differentiation may be 
relatively simple, especially in an acute 
disease process when the clinical context is 
clear and the cerebrospinal fluid pressure is 
elevated. 

At a later stage, complex factors can 
cause self-regulation of the hydrocephalus 
so that a state of relative compensation 1s 
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reached or there can be slow progression 
with bouts of decompensation. It is impor- 
tant to distinguish the resultant syndrome, 
"normal pressure hydrocephalus," from 
atrophy since a favorable response to shunt 
procedures occurs in some patients. 2" 
The syndrome should be sought with a high 
degree of suspicion in patients with a his- 
tory of previous hemorrhage, trauma or 
meningeal inflammation and may also be 
found in association with small posterior 
fossa tumors,  Pneumoencephalography, 
correctly interpreted, provides an optimal 
anatomic demonstration of the altered 
cerebrospinal fluid pathways in these pa- 
tients. 

Analysis of the cases presented leads to 
the following further conclusions: 


1. The presence of basilar leptomenin- 
geal thickening from previous menin- 
gitis or hemorrhage may be suggested 
on angiography by an indentation on 
the carotid artery just above the 
anterior clinoids. 

. Widened subarachnoid channels in 
children may represent a stage in a 
partially compensated communicating 
hydrocephalus which may later be- 
come progressive or possibly return 
towards normal. 

. There exist mixed forms of obstruc- 
tive and communicating hydroceph- 
alus in which aqueduct stenosis is 
found together with dilated sub- 
arachnoid channels. 
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THE ANGIOGRAPHIC DEMONSTRATION AND SUR- 
GICAL IMPLICATIONS OF IMBEDDING OF THE 
CAROTID SYPHONS BY A LARGE 


PITUITARY 


ADENOMA* 


By BERNARD S. EPSTEIN, M.D., and JOSEPH A. EPSTEIN, M.D. 


NEW HYDE PARK, NEW YORK 


HE diagnosis of pituitary tumors from 

plain skull roentgenograms is based on 
the effects of the expanding tumor on the 
sphenoid, particularly the sella turcica, the 
lesser wings and the optic foramina. Extra- 
sellar extension is identified on angio- 
graphic (Fig. 1; and 2, 4-C) and pneumo- 


~ 


encephalographic examinations. Straighten- 


ing and either posterior or anterior shift of 


the cavernous portions of the internal'car- 
otid arteries point to lateral bulging of the 
tumor. Upward extrasellar growth pro- 
duces arcuate elevation of the proximal 
segments of the anterior cerebral arteries 
and the anterior communicating artery. 
The horizontal portion of one or both of the 
middle cerebral arteries and their proximal 
sylvian branches also may be raised and 
shifted laterally. Other changes include up- 
ward displacement of the septal veins, the 
venous angle and the proximal portion of 
one of the sylvian veins. The anterior seg- 
ment of the basal veins sometimes are 
shifted dorsad. Posterior extension of the 
tumor shifts the basilar artery in that di- 
rection, elongating the posterior communi- 
cating arteries. The tip of an elongated 
basilar artery may be bent backwards in 
the interpeduncular cistern. Tumor stain- 
ing and prominence of small capsular ves- 
sels derived from the extradural portion of 
the carotid syphon have been noted.?? 
Pneumoencephalographic investigation is 
more useful for demonstrating extrasellar 
extension of a pituitary adenoma, por- 
trayed by intrusion of the mass into the 
suprasellar cisterns and the anteroinferior 
aspect of the third ventricle. Occasionally, 
lateral suprasellar extensions impinge into 
the ipsilateral temporal horn and displace 


lic. 1. A right brachial angiogram resulted in the 
opacification of both internal carotid arteries and 
the basilar artery. Both anterior cerebral arteries 
and the horizontal portions of the middle cerebral 
arteries are opacified. 


the third ventricle contralaterally. Hydro. 
cephalus appears when the foramen of 
Monro 1s compromised. 

Medial displacement of the cavernous 
portions of the internal carotid arteries 
with pituitary adenomas is rare. Bull and 
Schunk’ mentioned one case, and regarded 
this change so unusual as to cast doubt 
on the diagnosis. Their patient was a 54 
year old woman in whom plain skull roent- 
genograms disclosed erosion of the medial 


end of the right lesser wing of the sphenoid 
and destruction of the right optic foramen. 
Right carotid angiograms showed a small 
cavernous aneurysm with slight medial dis- 
placement of the syphon. Five years later 
her visual defects increased, with proptosis 


and blindness of the right eye and paralysis 
of the third and sixth Carotid 
angiography then revealed “a marked in- 
crease in the degree of anterior and medial 
displacement of the intracavernous and 


DncrTVEeS. 


* From the Department of Radiology and the Division of Neurosurgery, The Long Island Jewish Hospital, New Hyde Park, New 


York. 
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Imbedding of the Carotid Syphons 


A 


Fic. 2. (4) A large pituitary adenoma with extensive 
destruction of the sphenoid bone has obliterated 
the bone markings of the sella turcica. (B) An 
anteroposterior right brachial angiogram visual- 
izes both internal carotid arteries. There is 
characteristic separation of the intracavernous 
portions of both internal carotid arteries and 
arcuate elevation of both anterior cerebral and the 
anterior communicating arteries. The distance be- 
tween the intracavernous portions of the internal 
carotid artery is 32 mm. (C) Same patient, lateral 
projection. Anterior and upward displacement of 
the intracavernous and supracavernous portions of 
the internal carotid arteries 1s present. 


intracerebral portions of the carotid ar- 
tery.” At operation a large lateral extension 
of a pituitary adenoma was found to have 
grown around and enveloped the right 
carotid artery. 

Solitaire and Jatlow! reported an adeno- 
hypophyseal carcinoma in a woman who 
had received two courses of radiation 
therapy before initial operation for what 
was presumed to be a chromophobe aden- 
oma. At necropsy the sella turcica was 
markedly enlarged and destroyed by a 
hemorrhagic grayish red gelatinous mass 4 
cm. in diameter which filled the sella and 
extended around the right internal carotid 
artery and both optic nerves. The tumor 
did not encroach on the lumen of the ar- 
tery. No roentgenologic data were men- 
tioned. Occlusion of the supracavernous 
portion of the internal carotid artery oc- 
curs with vascular disease and emboliza- 
tion. Occasionally this portion of the vessel 


is encased in tumor, resulting in partial or 
complete closure.? 

The following is a report of an adult male 
patient with a large pituitary adenoma 
which completely imbedded the cavernous 
portions of both internal carotid arteries so 
that they retained a medial position. The 
importance of recognizing this infrequent 
deviation from the usual pattern of lateral 
displacement lies in the fact that a tumor 
which so surrounds the vessels should be 
operated upon with caution because of the 
danger of lacerating the intracavernous 
carotid arteries, causing excessive bleeding, 
and of difficulty in surgically accomplishing 
amelioration of the consequences of the 
tumor. Such a medial position of one or 
both carotid syphons is significant. only 
when there is roentgenologic evidence of a 
truly large tumor with extensive sellar de- 
struction, and should be disregarded 1f the 
sellar involvement is only moderate. 
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REPORT OF A CASE 

CM i 
April, 196: because of blurred vision of 1 year’s 
duration which had progressively 
worse. His skin was pale yellow lemon in color. 
He had very little body hair, and a sparse fe- 
male escutcheon was present. His testes were 
atrophic and his genitals were small. He stated 
that his libido was markedly depressed and 
that he had been impotent for about 18 months. 
He shaved rarely, only to remove a slight fuzz 
from his upper lip. Intermittent headaches had 


53 year old man, was first seen in 


become 
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been present for many years, and during the 
past 15 years he had become progressively 
obese, weighing at the time of examination over 
290 pounds. Bitemporal hemianopsia was pres- 
ent. lundoscopic examination was normal. 
He had two children, both living and well. 

Roentgenographic examination of his skull 
showed marked enlargement and destruction of 
the sella turcica, with demineralization and 
elevation of the anterior clinoids, erosion of the 
floor and marked demineralization, fragmenta- 
tion and. dorsad displacement of the dorsum 


Kc. 3. (4) Lateral right brachial angiogram of the present patient. The intracavernous portion of the inter- 
nal carotid artery is relatively fixed in position and an angulation is present at its midportion. Dorsad dis- 
placement of the distal end of the basilar artery is present, and the space between the internal carotid artery 
and the tip of the basilar artery is increased. (B) Anteroposterior view. The intracavernous portion of the 
internal carotid artery on the right is close to the midline. Upward displacement of the proximal portion of 
the horizontal segment of the middle cerebral artery is present. The anterior cerebral arteries and the an- 
terior communicating artery are low in position. The basilar artery is tortuous. (C) The destruction of the 
sella turcica is clearly seen. On the lateral venogram there is upward displacement of the proximal portion of 
the sylvian vein and the distal portion of the basal vein. (D) The right posterior cerebral artery is sharply 
elevated on this angiogram (number 5 in a series of 12). 
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Fic. 3. (E) An anteroposterior lumbar pneumoencephalogram reveals a displacement of the anteroinferior 
aspect of the third ventricle from right to left. The lateral ventricles are only moderately dilated. (F) When 
the brain was removed, it was found that the right peduncle was rather sharply indented and the deformity 
of the anteroinferior aspect of the third ventricle corresponds with that seen on the lumbar pneumoen- 
cephalogram. (G) On cutting across the tumor, both internal carotid arteries are visualized (arrows). The 
right is larger than the left. The distance between the two vessels measures g mm. No evidence of perfora. 
tion of the tumor capsule was found and there was no invasion of the adjacent structures. (/7) The upward 
indentation into the peduncle on the right side is apparent (black arrow). The pons is indented in its an- 
terosuperior face. No invasion into these structures had taken place. 


sellae. Laminagraphy disclosed a smooth round 
dense shadow deep in the sphenoid sinus, indi- 
cating decompression of the tumor into this 
space. 

Right brachial angiography (Fig. 3, .7-D) 
revealed the cavernous portion of the internal 
carotid artery to be displaced medially. The 
distance between the innermost portion of the 
syphon to the midline was ; mm.; between the 
petrosal portion of the internal carotid artery 
to the midline 16 mm.; and between the point 
of bifurcation of the internal carotid artery 
within the skull to the midline 15 mm. The 
presylvian portion of the middle cerebral artery 
was humped upwards. The origins of the ante- 
rior cerebral arteries and the anterior communi- 
cating artery were low in position, in contrast 


with the arcuate elevation and lateral position 
of the middle cerebral arteries. Elongation and 
moderate upward and dorsad displacement ot 
the carotid syphon was seen on the lateral 
angiograms. The basilar artery was tortuous 
and elongated. Its distal portion as seen on the 
lateral angiograms was tilted dorsad. The pos- 
terlor cerebral arteries were elevated in an 
arcuate fashion, the right side considerablv 
more so than the left. The distance between the 
supracavernous portion of the internal carotid 
arteries and the posterior cerebral arteries, cor- 
responding to the anticipated length of the 
posterior communicating arteries, also was 1n- 
creased. 

The venous angiogram (Fig. 3C) disclosed 
elevation of the proximal portion of the right 
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sylvian vein and the anterior aspect of the 
basal vein. The internal cerebral vein and the 
septal vein were not grossly altered in contour 
or position. 

Lumbar pneumoencephalography (Fig. 3£) 
showed mild ventricular dilatation. The third 
ventricle was shifted slightly from right to left, 
and a crescentic indentation was noted in its 
right inferior aspect. The fourth ventricle also 
was displaced slightly to the left. The basilar 
cisterns did not fill. 

Because of the size of the tumor and rapid 
deterioration in visual acuity, a right frontal 
craniotomy was performed. The right optic 
nerve and the chiasm were elevated and flat- 
tened into a ribbon by a large extrasellar ex- 
tension of a pituitary adenoma. The tumor was 
cystic and solid, and as much as could be re- 
moved safely was taken away by curettage and 
suction. 

Postoperative cobalt 60 teletherapy was 
given consisting of a tumor dose of 3,000 r over 
a period of 5 weeks. His vision improved, and 
the temporal defect on the left side cleared 
somewhat. Six months later he was readmitted 
because of acute failure of vision. Bitemporal 
hemianopsia was present. Roentgenographic 
examination of his skull again disclosed ad- 
vanced destruction of the sella turcica. A right 
brachial angiogram and lumbar pneumoence- 
phalogram showed no change as compared with 
the first examination. A brain scan with tech- 
netium 99m disclosed abnormal activity above 
and posterior to the sella turcica. 

The right frontal craniotomy was reopened 
and a large tumor was found displacing the 
chiasm upwards and anteriorly. The mass now 
was almost completely solid, with only a small 
cystic area beneath the surface. When this was 
evacuated, the tumor was subjected to pituitary 
curettage. Vigorous bleeding occurred, flooding 
the basal cisterns. Rapidly progressive cerebral 
swelling necessitated packing the cavitv with 
gelfoam, followed by amputation of the right 
frontal lobe so that the wound could be closed. 
The patient remained obtunded, and expired 
after being comatose for 4 weeks. 

At necropsy a large fungating intrasellar and 
extrasellar chromophobe pituitary adenoma 
measuring 5.5 4X 4. cm. was found impinging 
into but not invading the brain stem (Fig. 5, 
E-H). The peduncles were indented and de- 
formed, displacing the inferior aspect of the 
right ventricle from right to left. There was no 
evidence of carcinomatous degeneration either 
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grossly or on microscopic examination. When 
the tumor was sectioned both internal carotid 
arteries were patent and found deeply im- 
bedded in tumor. The left carotid was smaller 
than the right. No tumorous invasion of the 
vessels was found. The left internal carotid 
artery was closer to the midline than the right. 
At the estimated site of the syphon loop the 
distance between the two arteries was 9 mm. 
The basilar artery was not involved, but was 
displaced dorsad by extrinsic pressure of the 
tumor. 


DISCUSSION 


The position of the internal carotid ar- 
teries within the skull reflects the effect of 
pressures exerted by tumors within or ad- 
jacent to the sella turcica. Elongation, 
straightening and either anterior or pos- 
terior displacement of the internal carotid 
arterles appears with lateral extension of 
a pituitary adenoma, and can be seen on 
lateral angiograms. Separation and flatten- 
ing of the syphons as well as displacement 
of the supracavernous segments are identi- 
fable on frontal angiograms. Bull and 
Schunk! tabulated normal values for the 
distances between the cavernous, the pe- 
trosal and the supracavernous portions of 
the internal carotid arteries. The most con- 
stant measurement was that between the 
medial limits of the artery as measured 
from the syphon loop to the midline, and 
this varied between 5 and 11 mm., so that 
the distances between the vessels varied 
from 10 to 22 mm. 

We made similar measurements on 35 
consecutive angiograms in which both 
syphons were visualized, and arrived at a 
slightly higher lower level of normal. The 
mean was 1 5 mm., and values from 13 to Ig 
mm. were obtained; 28 were between 14 
and 16 mm. The distance between the pe- 
trous points varied from 28 to 36 mm., 
averaging 34 mm. Rather than take the dis- 
tances determined at the level of the an- 
terior clinoids as observed by Bull and 
Schunk, we measured the space between 
the points of intracranial bifurcation of the 
internal carotid arterles because they were 
somewhat easier to identify. This distance 
varied from 28 to 36 mm., averaging 32 mm. 
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Our roentgenograms were made on biplane 
serial studies with the patient's head in the 
Chamberlain-Towne's projection at a 40 
inch target-film distance. If only one side is 
visualized distances can be measured to the 
midline, and the above values halved. 

Tumors other than pituitary adenomas 
can displace the intracranial portions of the 
internal carotid arteries, and were dis- 
cussed by Bull and Schunk.! Chordomas 
can displace these vessels medially or la- 
terally. Nasopharyngeal tumors produce la- 
teral displacement when the lesion invades 
the middle cranial fossa. Tumors of the 
fifth nerve situated lateral to the vessel and 
meningiomas of the middle third of the 
sphenoid wing are mentioned as causes of a 
medial shift. Aneurvsms of the intra- 
cavernous portions of the internal carotid 
arteries also produce medial displacement, 
as noted in 7 out of 9 cases seen by Bull and 
Schunk. The question as to the mechanism 
by which the carotid syphon is displaced 
medially by such tumors sometimes is 
dificult to answer. 

If the inner aspect of the cavernous 
sinuses, formed by the lateral walls of the 
sphenoid, remains intact, the close apposi- 
tion of the syphons to the bony surface 
would seem to preclude gross medial shift in 
the absence of osseous damage. In these 
patients, minimal differences in measure- 
ment may be misleading. If, however, there 
is gross bone destruction, the carotid sy- 
phons then can be displaced laterally. The 
infrequent exception to this occurs when 
one or both of the vessels are imbedded in 
tumor, as in the present case of pituitary 
adenoma. 

Measurements of the intersyphon dis- 
tances should be taken with careful regard 
as to whether or not gross sphenoid de- 
struction is present. If a pituitary adenoma 
Is seen, with no obvious evidence of osseous 
disruption, a normal measurement indi- 
cates only that there is no gross lateral ex- 
tension of the tumor as seen in the frontal 
projection. The extent of separation is a 
good index of such extrasellar extension. 
However, if there is sellar destruction, a 
normal measurement should bring to mind 
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the possibility of tumorous envelopment of 
the artery. 

In planning the operative approach to a 
pituitary adenoma, the path of the intra- 
cavernous portions of the internal carotid 
artery should be known 1n order to avoid 
vascular trauma. Excessive bleeding may 
be anticipated when solid tumor surrounds 
the artery, a circumstance suggested by 
retention of normal intersyphon measure- 
ment or a diminished distance in the pre- 
sence of gross bone change. Preoperative 
angiography and pneumoencephalograph y 
are essential to determine both the extra- 
sellar extent of the tumor and its effect on 
the course of the major blood vessels. 


SUMMARY 


The distance between the carotid 
phons usually is increased when there is la- 
teral extension of a pituitary adenoma. In- 
frequently this distance is either diminished 
or remains normal. When this is associated 
with gross bone change in the sphenoid, 
there is a possibility that the tumor has 
enveloped the carotid arteries. Surgical 
evacuation of the intrasellar portion of such 
neoplasms must be performed with full 
appreciation of the medial position of the 
intracavernous portions of the internal 

carotid arteries. 


Bernard S. Epstein, M.D. 

Department of Radiology 

The Long Island Jewish Hospital 

270-05 76th Avenue 

New Hyde Park, Long Island, New York 11040 
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THE EMPTY SELLA SYNDROME* 


By ORLANDO F. GABRIELE# 


CHAPEL HILL, NORTH CAROLINA 


N ENLARGED sella turcica is ordinar- 
ily associated with either a primary 
intrasellar lesion or with changes secondary 
to some other expanding intracranial lesion. 
Expanding primary intrasellar lesions fre- 
quently have a “typical” appearance on 
plain roentgenograms of the skull. Occa- 
sionally, on the basis of clinical findings, 
plain roentgenograms and biochemical- 
endocrinologic data, a diagnosis of primary 
intrasellar lesion is made and a patient sub- 
mitted to radiation therapy of the pituitary 
region without the benefit of a pneumo- 
encephalographic studv. 

When these patients are studied by 
means of pneumoencephalography, there 
are rare occasions when instead of an ex- 
panding mass in the pituitarv fossa one 
encounters an "empty sella," that is, there 
Is a cyst-like extension of the subarachnoid 
space into the sella occupying most of the 
available space. Although uncommon, this 
entity warrants consideration in the evalu- 
ation of a patient with an enlarged sella 
turcica., 


REPORT OF A CASE 


This 52 year old Negro female was admitted 
from the Neurology Clinic because of an ab- 
normal skull roentgenogram showing an en- 
larged sella turcica. She complained of bifrontal 
and bitemporal headaches, which occurred 
several times each week, had no characteristic 
time or appearance, and were not associated 
with nausea or vomiting. The headaches had 
been present for 9 years with no change in fre- 
quency, intensity, or character, with partial 
relief with darvon. Currently she was taking 
thorazine, 800 mg. per day, with some improve- 
ment of her anxiety and headaches. 

The complete blood cell count, blood urea 
nitrogen, fasting blood sugar, sodium, chlorides, 
potassium, calcium and protein were all normal. 
A PBI was 6.2 ug. per cent and the electro- 
encephalogram was normal. The skull roent- 


l'1G. 1. (4) Laminagram of the sella turcica showing 
enlargement in a fashion often ascribed to primary 
intrasellar mass lesion. 


genograms showed an enlarged sella turcica. 
She was admitted for further study. 

The general physical examination was nega- 
tive except for obesity and a postcholecystec- 
tomy and urinary bladder operation scar. 

Neurologic Examination. 'The patient was 
well oriented with fair general knowledge, and 
no frank paranoid thinking at this time. The 
sensory examination was normal as were the 
cranial nerves. The fundi, the visual fields, and 
the extra-ocular muscles were normal. The face 
was symmetric, the hearing good, and a gag 
reflex was present. The deep tendon reflexes 
were equal bilaterally and within physiologic 
limits. 

Hospital Course and Laboratory Data. A re- 
peat PBI was 13.2 ug. per cent compared to 
6.2 ug. per cent 12 days previously. The cal- 
cium was 9.2 mg. per cent, phosphate 3.5 
mEq./L, sodium 137 mEq./L, potassium 
mEq.;L, carbon dioxide 21.3 mEq./L 
chlorides 102 mEq./L. The serum cortisol was 
IO ug. per cent. À 24 hour urine ketosteroid was 


^ 
j 

> A» 
$23 


and 


3.6 mg. and 4.1 mg. on two separate occasions. 


An I?! uptake was 3 per cent at 2 hours, 7 per 


* From the Department of Radiology, University of North Carolina Medical School, Chapel Hill, North Carolina. 


T Associate Professor of Radiology. 
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The Empty Sella Syndrome 


cent at 6 hours, and 12 per cent at 24 hours. 
The T-3 uptake was 99 per cent. It was felt that 
the combination of a high PBI, low I?! uptake, 
and normal T-3 uptake probably meant normal 
thyroid functioning. À metapyrone test was 
done with a pretest 17 ketosteroid value of 
4.1 mg. and a postmetapyrone 17 ketosteroid 
of 3.6 mg. This was considered an abnormal 
response to metapyrone. A 24 hour urine 
specimen for follicle stimulating hormone was 


Fic. 1. (B-D) Multiple views of the sella 
turcica following pneumoencephalogra- 
phy demonstrating a rather large sub- 
arachnoid space extending into the sella 
turcica and a relatively small amount ot 
solid tissue. 


obtained which was greater than 13 and less 
than 52. 

Roentgen Examination. Laminagraphy of the 
sella revealed an enlarged sella turcica suggest- 
ing an intrasellar lesion. (Fig. 1,7). Pneumo- 
encephalography (Fig. 1, B-D) showed a nor- 
mal 4th ventricle, aqueduct, and 3rd ventricle. 
There was some asymmetry of the lateral ven- 
tricles with the left lateral ventricle being more 
capacious. The basal cisterns were visualized 
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and there was no evidence of a mass in this 
region. There was extension of gas-filled sub- 
arachnoid space into the enlarged sella turcica 
so as to occupy most of its contents. 


DISCUSSION 


The entity of an enlarged sella turcica 
with subarachnoid extension into it pro- 
ducing an “empty sella” has been noted by 
Di Chiro! and others.?* The enlarged sella 
turcica and possible pituitary dysfunction 
are attributed to a cyst-like subarachnoid 
formation, with transmitted cerebral spinal 
fluid pulsation, expansion of the cavum, 
and compression of the pituitary gland. 
Whether the enlarged sella turcica is due 
to an arachnoid cyst with expansile pulsa- 
tion, or whether there was previous enlarge- 
ment of the pituitary gland with subse- 
quent atrophy, followed by extension of 
the subarachnoid space into the sella 
turcica, is a matter of speculation. In chil- 
dren the sella turcica enlarges with enlarge- 
ment of the pituitary gland, and it subse- 
quently decreases in size with diminution 
in size of the pituitary gland. In adults an 
enlarged sella turcica may not return to its 
original size,’ although return to a previ- 
ously normal size following a period of en- 
largement has been noted on occasion. A 
small sella turcica, possibly acquired, has 
been noted in Sheehan's syndrome.’ 

There is no necessary relationship be- 
tween the size of the sella turcica and the 
pituitary gland in the normal adult. As a 
rule the pituitary gland does not occupy the 
entire contents of the sella. The dural lining 
occupies some of the space, and, in addi- 
tion, the subarachnoid space may normally 
extend into the sella. 

However, when the sella turcica is ab- 
normally enlarged, it is usually due either 
to enlargement of the pituitary gland, such 
as by an adenoma, or the enlargement may 
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be secondary to raised intracranial pressure 
for multiple reasons. The “empty sella" 
syndrome, however, raises a third possibil- 
ity that is ordinarily not considered. The 
significance of this entity is illustrated by 
Friedmann and Marguth,? who reported on 
8 cases exhibiting the roentgenologic and 
clinical symptoms of hypophyseal tumors 
but in whom surgical exploration revealed 
only a cerebrospinal fluid-containing cyst 
within the sella turcica. 


SUMMARY 


The syndrome of an enlarged sella turcica 
with no intrasellar mass lesion but with 
an extension of a relatively large subarach- 
noid space into the sella is described. 

The frequency and mechanism of this 
entity Is not certain, but in view of its oc- 
currence, it would be advisable to study 
the contents of the sella turcica by means 
of pneumoencephalography prior to any 
definitive therapy of a patient with an en- 
larged sella turcica and pituitary dysfunc- 
tion. 


Department of Radiology 

University of North Carolina 
Medical School 

Chapel Hill, North Carolina 27514 


REFERENCES 


. Di Chiro, G. Personal communication. 

. FRIEDMANN, G., and Mancvru, F. Intraselláre 
Liquorzysten. Zentralbl. Neurochir., 1961, 2r, 
33 41. 

3. Meapbor, C. K., and WonnELL, J. L. Sella turcica 
in postpartum pituitary necrosis (Sheehan’s 
syndrome). dun. Int. Med., 1966, 65, 259-265. 

4. Rina, B. A., and WAppiNcTOÓN, M. Primary arach- 
noid cysts of sella turcica. Aw. J. Roenr- 
GENOL., Rap. THERAPY & NucLear MeD., 
1966, 98, 611-615. 

5. Taveras, J. M., and Woop, E. H. Diagnostic 
Neuroradiology. Williams & Wilkins Company, 
Baltimore, 1964. 





Vor. 104, No. 1 


TUBEROUS SCLEROSIS: NEUROROENTGENOLOGIC 
OBSERVATIONS* 


By JORGE C. LAGOS, M.D.,f COLIN B. HOLMAN, M.D.,{ and MANUEL R. GOMEZ, M.D.$ 


ROCHESTER, MINNESOTA 


lb ss sclerosis (TS) is a here- 
dofamilial disease traditionally asso- 
ciated with the clinical triad of adenoma 
sebaceum, seizures, and mental retarda- 
tion.! However, TS is characterized by a 
great variety of lesions in tissues derived 
from all three germinal layers. The skin 
lesions are well known (for example, 
adenoma sebaceum, shagreen patches, café 
au lait spots, and achromic patches). The 
viscera are often the sites of tumors (for 
example, kidneys, heart, spleen, and lungs). 
Skeletal lesions are present in about one- 
third of patients with TS.* The brain is 
involved in most if not all cases, with corti- 
cal, subcortical, and subependymal areas of 
sclerosis commonly referred to as “tubers” 
because of their shape and consistency. 
For many years it has been known that 
these cerebral lesions may undergo calcifi- 
cation. Dickerson, in 1945, demonstrated 
that the calvarium is often involved and 
stated that calcified cerebral lesions are the 
most conspicuous roentgenographic find- 
ings. 

In a previous publication, Lagos and 
Gomez? reported the clinical features of 
71 patients with TS who were seen at the 
Mayo Clinic during a 30 year period. The 
patients were divided in two groups accord- 
ing to their mental functions. Intracranial 
calcification was present in 48 per cent of 
the patients with mental retardation and in 
3 per cent of patients with average intel- 
ligence. These figures indicated that the 
roentgenographic evidence of cerebral in- 
volvement in this group of patients with 
TS does not correspond closely with the 
level of intelligence. The purpose of this 
report is to present a detailed analysis of 
the neuroroentgenologic findings in TS 


and to correlate the roentgenographic with 
the clinical findings. 


MATERIAL 


Between 1935 and 1968, 75 patients with 
TS have been seen at the Mayo Clinic. The 
diagnosis and a tabulation of the clinical 
findings in relation to mental status have 
been previously reported in 71 patients.” 
Four more patients have come to our at- 
tention since 1966. Roentgenograms of the 
head demonstrated that, of these 75 pa- 
tients, 43 (58 per cent) had intracranial 
calcification and areas ot increased density 
or sclerosis of the calvarium, or both. The 
roentgenograms of 25 of the 43 patients 
were available for review and constitute 
the principal material for this study, al- 
though the descriptive reports of the head 
roentgenograms of the other 18 patients 
are also included. 


ROENTGENOGRAPHIC FINDINGS 


Twenty of the 25 patients had one or 


more areas of intracranial calcification 
located in the subcortical, subependymal, 
or basal ganglia regions (Fig. 14). Three 
patients had multiple areas of calcification 
in the cerebellum. The areas of calcifica- 
tion varied from 2 to 15 mm.; their densi- 
ties were bony and the shapes invariably 
irregular. In all but one patient, the calci- 
fications were centrally located. Single 
areas of calcification were demonstrated in 
5 patients (25 per cent) and multiple areas 
in 15 patients (75 per cent); in Io (50 per 
cent) these were bilateral. Sclerotic zones 
in the calvarium were recognized in 13 
patients (52 per cent) (Fig. 15), and 8 of 
the 13 also had intracranial calcification. 
The sclerotic islands were usually unilateral 


* From the Mayo Clinic and Mayo Foundation: Section of Roentgenology, and of Pediatric Neurology, S Mayo Graduate School of 


Medicine: Resident in Pediatric Neurology.T 


This investigation was supported in part by Training Grant 5T1 NB-5347 from the National Institutes of Health, Public Health 


Service. 


171 





J. C. Lagos, C. B. Holman and M. R. Gomez 


SEPTEMBER, I968 


l'1G. 1. Tuberous sclerosis. (4) Intracerebral calcification in region of basal ganglia. (B) Sclerotic areas in 
calvarium. (C) Pneumoencephalogram showing subependymal “tubers.” (D) Head roentgenogram showing 


large area of sclerosis of skull. 


and, in most patients, confined to the fron- 
tal bones or parietal bones or both. The 
area of these sclerotic islands measured 
from 0.3 by 0.5 cm. to 5 by 6 cm. They 
were present in patients with and without 
mental retardation. 

Air-contrast studies were performed in 
[I patients, and ventriculography or pneu- 
moencephalography revealed abnormali- 


ties in 6. One of the 6 patients had sym- 
metric dilatation of the ventricles without 
obstructive hydrocephalus. Two patients 
had multiple supratentorial masses that 
produced obstructive hydrocephalus. 
Another patient had obstructive hydro- 
cephalus due to a large single mass occlud- 
ing the third ventricle. Two patients had 
subependymal masses in the form of *'can- 
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TABLE I 


ROENTGENOGRAPHIC FINDINGS AND CLINICAL DATA IN 28 PATIENTS WITH TUBEROUS SCLEROSIS 
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Skull 
Sclerosis 


Adenoma 
Sebaceum 


Retinal 
Phakomas 


Intracranial 
Calcification* 


Age 


Seizures 
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Intelligence 











Yes 
No 
Yes 
No 
Yes 
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No 
No 
Yes 
Yes 
No 
Yes 
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No 
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Yes 
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Average 
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13 
15 
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13 
29 
13 
14 No 
25 No 
26 No 
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* For purposes of comparison, the amount of calcification was graded as 1, minimal; 2, moderate; and 3, extensive. 


dle gutterings" (Fig. 1C). As only 1 of 
these 6 patients was operated on and the 
obstructing mass pathologically examined, 
we can only speculate that in the other five 
the intracranial mass was also a neoplasm 
which produced obstruction of the cere- 
brospinal fluid circulation. Table 1 shows 
the findings in the skull roentgenograms 
and additional clinical data in these 25 pa- 
tients. 

The mean age of patients when T5 was 
recognized was 16 years in patients with 
average intelligence and 8$ years in pa- 
tients with mental retardation. The number 
and degree of intracranial calcification 
were not related to mental ability (Table 1). 
The ages of 7 of the 8 patients who had ex- 
tensive intracranial calcification and yet 
had average intelligence were 5, 8, 13, 15, 
20, 22, and 25 years, respectively. The only 


mentally retarded patient with much intra- 
cranial calcification was a 3 vear old child. 
Of the 8 patients with a minimal amount of 
calcification, 2 were of average intelligence 
and 6 were mentally retarded. The finding 
of intracranial calcification was not related 
to such important signs of TS as adeno- 
ma sebaceum, seizure, or retinal phakoma 
(Table 1). 

Perusal of roentgenographic reports of 
the 18 patients whose roentgenograms were 
unavailable revealed that half of these 
patients had unilateral supratentorial cal- 
cification and half had bilateral calcifica- 
tion (Table 11). Four of the patients also 
had infratentorial calcification. In only 3 
instances did the reports make reference 
to findings such as osseous thickening or 
localized areas of osteitis, which in retro- 
spect can be interpreted as representing 
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TABLE II 


ROENTGENOGRAPHIC FINDINGS AND CLINICAL DATA IN I8 PATIENTS WITH TUBEROUS SCLEROSIS 
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* B is bilateral; U is unilateral. 


areas of sclerosis of the calvarium. Sim- 
ilarly in the 18 patients of this group, there 
was no relationship between intracranial 
calcification and mental ability, seizures, 
retinal phakoma, or adenoma sebaceum. 


COMMENT 


Intracranial calcification is one of the 
many clinical signs of TS. According to 
Dalsgaard-Nielsen,? Marcus was the first 
(in 1924) to describe intracranial calcifi- 
cation in a patient with TS. In 193s, 
Dalsgaard-Nielsen reported a 14 year old 
boy with TS who had cerebral calcification 
and numerous osseous shadows in the cal- 
varium. Yakovlev and Corwin;[in 1939, 
described the roentgenographic findings in 
5 patients who had TS. All 5 patients had 
multiple and disseminated areas of sub- 
cortical cerebral calcification, which the 
authors called the “multiple brain stones” 
and interpreted as degenerative changes in 
the periphery of the cortical tubers. Dick- 
erson, on the contrary, has pointed out 





that the principal roentgenographic sign 
of TS is the presence of patchy zones of 
increased density in the calvarium, corres- 
ponding to structural changes in the bone. 
Holt and Dickerson! found intracerebral 
calcification in 5o per cent of their patients 
and islands of sclerotic bone within the 
calvarium in 40 per cent. Our data confirm 
these findings. In a previous study, our 
group found that intracranial calcification 
was present more often in patients with TS 
who had normal intelligence (63 per cent) 
than in those who were mentally retarded 
(48 per cent). This finding indicates that 
roentgenologic evidence of cerebral involve- 
ment in TS probably is not a valid index 
for mental deficiency. In the previous 
study? and the present one, the mean age at 
diagnosis in. patients with normal intelli- 
gence (approximately 16 years) was greater 
than in those with mental retardation 
(83 years). This difference could be attrib- 
uted to the fact that intracranial calcifica- 
tion appears and becomes more prominent 
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as TS patients get older irrespective of 
intelligence. The large percentage of intra- 
cranial calcification was found in the older 
patients. Nevertheless, in a group of 8 
patients who had extensive intracranial 
calcification, 7 had average intelligence; 
the mean age of 4 of these was the same 
(8 years) as the mean age of the group of 
mentally retarded patients. Many of the 
vounger patients had had seizures, which 
probably facilitated an early diagnosis of 
TS. Since many patients with average in- 
telligence had been free of seizures, a diag- 
nosis of TS was not possible until other 
symptoms were recognized, usually when 
they were older. 

In our series as well as in others pre- 
viously reported, intracranial calcification 
has been confined almost exclusively to the 
central regions of the brain in and around 
the basal ganglia. A significant percentage 
of patients also had calcifications in the 
cerebellum (15 per cent). 

There were areas of increased density in 
the calvarium in 40 per cent of patients 
who had intracranial calcification. These 
areas were seldom remarkable and often 
were not mentioned in the roentgenographic 
report. Dickerson? pointed out that these 
areas are the most significant roentgeno- 
graphic signs of TS. We can find no ex- 
planation for this difference other than 
that the two samples are probably dif- 
ferent. In our series there was no relation- 
ship between the areas of increased density 
and the amount of intracranial calcifica- 
tion. For instance, there were patients with 
large amounts of intracranial calcification 
who had no sclerotic areas in the skull and 
there were patients with large sclerotic 
areas in the skull who had no evidence 
of intracranial calcification. Roentgeno- 
graphic zones of sclerosis of the skull were 
never seen in very young children. The 
youngest patient with such findings was 5 
years old. In general, the process of sclerosis 
was more prominent in older patients. No 
such age correlation was found in patients 
with intracranial calcification. Five pa- 
tients without intracranial calcification had 
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small but unequivocal areas of skull scle- 
rosis. This finding would indicate not only 
that skull changes are sometimes the most 
Impressive ones but also that they may oc- 
cur in the absence of demonstrable intra- 
cerebral calcification. However, the degree 
of involvement varies from extensive areas 
of sclerosis (Fig. 1D) to discrete areas, 
which by their size may sicily go unrecog- 
nized. Dickerson’ has suggested that most 
areas of sclerosis overlie “tuberous nodules" 
in the cerebral cortex and noted that they 
appear in relation to pubertal develop- 
ment. We do not know the mechanism bs 
which cortical areas of sclerosis could pro- 
duce these changes in the skull. If such 
areas of cerebral cortex were pathologically 
affected, a degree of correlation would be 
expected between focal seizures and lo- 
calized areas of sclerosis of the calvarium. 
Furthermore, in extensive sclerosis of the 
calvarium, there probably should be asso- 
ciated mental retardation. This was not 
true in our group of patients. In Dicker- 

son's? group, areas of sclerosis were seen in 
the skull roentgenograms only in patients 
10 years of age or older. Fifty per cent of 
our patients with this type of lesion were 
less than 10 years at the time of the di- 
agnosis, and in a significant number of pa- 
tients, the appearance and severity of these 
lesions did not differ from that found in 
older patients. 


SUMMARY 


Of 75 patients with tuberous sclerosis 
seen at the Mayo Clinic in the vears 1935 
through 1967, 43 (58 per cent) had intra- 
cranial calcification or areas of sclerosis, 
or both, of the skull. There was no appar- 
ent consistent relationship between these 
roentgenographic manifestations of tuber- 
ous sclerosis and the presence of important 
signs of tuberous sclerosis, such as adenoma 
sebaceum, retinal phakoma, and seizure. 


Colin B. Holman, M.D. 
Section of Roentgenology 
Mayo Clinic 

Rochester, Minnesota $5901 
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THE POSTNATAL DEVELOPMENT OF THE 
SPHENOIDAL SINUS AND ITS SPREAD 
INTO THE DORSUM SELLAE AND 
POSTERIOR CLINOID PROCESSES* 


By B. VIDIC, DR. STOM. 


ST. LOUIS, MISSOURI 


5 THE development of the sphenoidal 
sinus, which begins in the third? ^ P^ 
or fourth®3 month of prenatal life, four 
phases may be distinguished: (1) sinus in 
the cartilaginous cupolar recess of the nasal 
cavity; (2) sinus in the bony cupolar recess 
of the nasal cavity; (3) pneumatization of 
the bony cupolar recess; and (4) pneumati- 
zation of the body of the sphenoid. The 
first three phases of development are ac- 
complished before the end of the fourth 
postnatal year, 2:7 at which time the 
''paleo-sinus"'? penetrates into the body of 
the sphenoid and develops gradually as the 
“neo-sinus” until the end of the twelfth 
year." According to Terracol and Ar- 
douin," however, this sinus, which reaches 
its adult size at 12 years, continues to 
develop throughout life. Among all the 
paranasal sinuses, the sphenoidal is the 
first to complete its full development.” 

It is known!’ that the sphenoidal sinus is 
nonexistent in animal species below the 
primates, is more or less developed in the 
primates, and reaches its fullest develop- 
ment in man. However, Klepper? de- 
scribed a case of complete absence of the 
sphenoidal sinus in an adult male, and 
Mocellin'® a case in which all of the para- 
nasal sinuses were missing. On the other 
hand, Van Gilse?’ believes that the absence 
of the sphenoidal sinus is possible in asso- 
ciation with other anomalies, but not as the 
sole anomaly. 

After the sinus reaches its maximum 
development, it pneumatizes either par- 
tially or completely the body of the sphe- 
noid. The amount of development differs 
from individual to individual and from one 
human race to another.® It often develops 


beyond the limits of the sphenoid body in 
different directions, pneumatizing adjacent 
parts of the sphenoid or neighboring bones 
and forming different recesses. These re- 
cesses are classified according to the direc- 
tion of their extent into: superior, present 
in 26 per cent of cases; anterior, present in 
30 per cent of cases; inferior, present in 36 
per cent of cases; and posterior, present in 
20 per cent of cases.” They may also be 
classified according to the part of the bone 
pneumatized into: recesses of the lesser 
wing, anterior clinoid processes, palatine 
bone, pterygoid process, foramen rotun- 
dum, optic canal, and pterygoid canal; or 
recesses of the lesser wing, pterygoid pro- 
cess, and palatine bone." 

Investigating the expansive ability of the 
sinus, Climelli? came to the conclusion that 
the sinus spreads more often anteriorly and 
laterally than posteriorly and inferiorly. In 
extreme cases the sinus may extend over 
the roof of the orbit toward the greater 
wing of the sphenoid. In 86 per cent of the 
observed cases? the medial margin of the 
superior orbital fissure was pneumatized by 
this sinus, in 10 per cent the superior mar- 
gin, and in o.8 per cent the inferior margin. 
In 2 out of 16 cases a recess of the sinus in 
the lesser wing has been found* as well as 
bullar processes on the anterior aspect of 
the sphenoid bone caused by heavy pneu- 
matization.? In 4 per cent of the cases 
pneumatization of the anterior clinoid pro- 
cesses,? in 8 per cent invasion of the optic 
canal and in 7 per cent of the cases? in- 
vasion of the pterygoid canal was noted. 
When the sinus expands inferiorly into the 
pterygoid process, the bony floor of the 
scaphoid fossa may be reduced in thickness 


* From the Department of Anatomy, the St. Louis University School of Medicine, St. Louis, Missouri. 
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17d 
to 0.2 mm., so that the sinus becomes inti. 
mately related to the auditory tube.? 

Of all parts of the sphenoid bone, the 
dorsum sellae and the posterior clinoid pro- 
cesses seem to be the most seldom pneu- 
matized by the sinus. The posterior clinoid 
processes are very seldom if ever pneu- 
matized.? 

Total pneumatization of the dorsum 
sellae and posterior clinoid processes would 
bring the meninges into close relationship 
to the sinus, which is often subject to vari- 
ous pathologic conditions. In this case, 
transmission of a  pathologic process 
through the thinned, dehiscent bone from 
the sinus to the meninges would be facili- 
tated. For this reason, the frequency of the 
expansion of the sinus into the dorsum 
sellae and posterior clinoid processes was 
investigated in 675 dried skulls from the 
Department of Anatomy, School of Medi- 
cine, University of Belgrade? In [4.4 per 
cent of these skulls, the dorsum sellae 
showed initial pneumatization, in 5.7 per 


cent partial pneumatization, and in Fa, 


per cent total pneumatization. 


MATERIAL AND METHODS 


In order to determine the frequency of 


expansion of the sphenoidal sinus into the 
dorsum sellae and posterior clinoid pro- 
cesses, 500 roentgenograms of both sexes 
(231 male, 265 female), with ages ranging 
from O to 94 years were studied. Only 
roentgenograms of the profile of the head 
with clearly demarcated bony points (tu- 
berculum sellae, hypophyseal fossa, dorsum 
sellae, posterior clinoid processes, clivus), 
clear limits of the normal sphenoidal sinus, 
and without sinus symptoms were con- 
sidered. The roentgenograms, taken in the 
period 1960-1966, of hospital patients pre- 
sumably living in St. Louis and vicinity, 
were supplied by the Department of Radiol- 
ogy, Firmin Desloge Hospital, St. Louis, 
Missouri. We should like to thank James 
M. Martin, M.D., a member of that De- 
partment, for his kind collaboration in this 
matter, 

Following Hammer's? classification, all 
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l'1G. 1. Drawing of median section through the sphen- 
oid body: (A-B) vertical plane of the tuberculum 
sellae; (C-D) horizontal plane of the floor of the 
hypophyseal fossa; (E) tip of the posterior clinoid 


process; (F) clivus. 


sinuses were subdivided into two types: 
presellar (P), and sellar (S). The presellar 
type of sinus (Fig. 2) does not extend pos- 
teriorly beyond the vertical plane of the 
tuberculum sellae, vertical to the orbito- 
meatal plane (Fig. 1, A-B); the sellar type 
of sinus (Fig. 3) extends posteriorly beyond 
this vertical plane. 


lIG. 2. Lateral roentgenogram of the sphenoid bone: 
a presellar type sinus. 
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Lateral roentgenogram of the sphenoid bone: 
a sellar a tvpe sinus. 


Fic. 3. 


All sellar type sinuses were divided into 
4 groups: (1) the sellar a type (Fig. 3) 
pneumatizes the sphenoid body but does 
not extend into the dorsum sellae beyond 
the horizontal plane of the floor of the 
hypophyseal fossa, horizontal to the orbito- 
meatal plane (Fig. 1, C-D); (2) the sellar b 
type (Fig. 4) extends into the dorsum sellae 
beyond the horizontal plane indicated and 
pneumatizes the lower third of the dorsum 
sellae; (3) the sellar c type (Fig. 5) extends 
into the dorsum sellae beyond the hori- 
zontal plane indicated and pneumatizes the 


Fic. 4. Lateral roentgenogram of the sphenoid bone: 


a sellar b type sinus. 
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liG. 5. Lateral roentgenogram of the sphenoid bone: 
a sellar c type sinus. 


lower two-thirds of the dorsum sellae; and 
(4) the sellar d type (Fig. 6) extends into 
the dorsum sellae beyond the horizontal 
plane indicated and pneumatizes all the 
available space of the dorsum sellae and the 
posterior clinoid processes. 

In some cases, however, 1t was not pos- 
sible to classify a sinus in any of the above 
mentioned groups. These sinuses in their 
posterior expansion reached the exact level 
of either the vertical or horizontal planc 
indicated in Figure 1 and, as such, were 
classified into presellar-sellar (PS) type 


Fic. 6. Lateral roentgenogram of the sphenoid bone: 
a sellar d type sinus. 
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lic. 7. Lateral roentgenogram of the sphenoid bone: 
a presellar-sellar type sinus. 


(Fig. 7), and sellar ab tvpe (Fig. 8), re- 
spectively. 

For each particular type of the sinus (P, 
PS, Sa, Sab, Sb, Sc, Sd) the absolute num- 
ber and percentage of incidence were cal- 
culated, for the group of roentgenograms as 
a whole, for each sex individually, and for 
age groups broken down in the following 
manner: 0-3 years, 4 20 years, 
21—30 years, 31—40 years, 41—50 years, 5I 


60 years, 61—70 years, 71-94 years. 


[2 years, 13 


RESULTS AND DISCUSSION 


Of the 500 observed sinuses: 62, or 12.4 
per cent, were of the presellar type; 20, or 4 
per cent, were of the presellar-sellar type; 
and 418, or 83.6 per cent, were of the sellar 
type. 

Of the 418 
$4.7 per cent (45.8 per cent of all cases), 
were a type; 65, or 15.5 per cent (13 per 
cent of all cases), were ab type; 86, or 20.5 
per cent (17.2 per cent of all cases), were b 
type; 22, or 5.2 per cent (4.4 per cent of all 
cases), were c type; and 16, or 3.8 per cent 
(3.2 per cent of all cases), were d type. 

Ihe degree of development of the sphe- 
noidal sinus within the sphenoid bone and 
Its expansion into the dorsum sellae and 


sellar type sinuses: 229, or 


posterior clinoid processes of male and fe- 
male cases are shown in Table r. 
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. Lateral roentgenogram of the sphenoid bone: 
à sellar ab tvpe sinus. 


The degree of development of the sphe- 
noidal sinus within the sphenoid bone and 
its expansion into the dorsum sellae and 


TABLE ] 


THE OCCURRENCE OF DIFFERENT TYPES OI 
SPHENOIDAL SINUSES IN BOTH SEXES 


Number of Cases 
and Percentage 


Male 


Female 


Presellar 
Presellar-sellar 
Sellar a 

Sellar ab 
Sellar b 

Sellar C 


Sellar d 


Total number of cases 
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Tastre II 


THE OCCURRENCE OF DIFFERENT TYPES OF SPH ENOIDAL SINUSES AMONG VARIOUS AGE GROUPS 
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Tvpe of Sinus 
0-3 


years 


13-20 
years 


4-12 
years 


2t-530 
years 


51-60 
years 


31-40 
years 


41—50 
years 





Presellar 


21 
IOO 


5 
6.4 





Sellar a 


56 


vi. 





Sellar b, c, or d 








Total number of cases 








posterior clinoid processes of different age 
groups are shown in Table rr. 

From the results obtained, it may be 
seen that the sellar type of sinus 1s present 
in the majority of cases. The presellar- 
sellar and sellar types of sinus occur in 87.6 
per cent of all cases. This corresponds to the 
percentage of occurrence of the same types 
of sinus previously found.’ 

Of all cases, 25.4 per cent showed initially 
the dorsum sellae and posterior clinoid pro- 
cesses to be partially or totally pneuma- 
tized. This percentage is similar to that ob- 
served in dried skulls.? In 3.2 per cent of all 
cases, the dorsum sellae and posterior 
clinoid processes were totally pneumatized 
(Sd), whereas the same degree of expansion 
of the sinus was found in 1.7 per cent of 
dried skulls. Nevertheless, these percent- 
ages of total pneumatization, due to a de- 
creased bony wall between the sinus and 
the cranial cavity, are high from a patho- 
logic or clinical standpoint. It was not pos- 
sible to determine on roentgenograms, what 
was ascertained in dried skulls; namely, 
that the bony walls of the dorsum sellae 
and posterior clinoid processes in cases of 
maximum pneumatization may be reduced 
to dehiscent laminae. Bonnet? believes that 
under such conditions, which are considered 
as very rare, spreading of a pathologic pro- 
cess from the sinus through the dehiscent 


bone to the meninges, causing arachnoiditis, 
is possible. Expansion of the sinus not only 
into the dorsum sellae, but also in other 
directions (e.g., toward the optic canal), 
may cause involvement of the surrounding 
structures under pathologic conditions. 
This is most often observed in connection 
with the large sphenoidal sinuses.’ 

The sphenoidal sinus, in its development, 
seems to show no sex differences. In Table 1 
the percentages of the occurrence of differ- 
ent tvpes of sinus are shown for both sexes. 
Male sinuses in 29.1 per cent of the cases 
pneumatize more or less the dorsum sellae 
and posterior clinoid processes, whereas fe- 
male sinuses penetrate into this area in 20.6 
per cent of the cases. 

Considering that the sphenoidal sinus 
does not penetrate the body of the sphenoid 
until the fourth postnatal vear, after which 
time it grows actively through the sphenoid 
bone until the twelfth year, age group clas- 
sifications were made. In all investigated 
cases before the fourth postnatal year, 
pneumatization had either begun, or did 
not reach the sphenoid body. In only one of 
these cases (Fig. 9), that of a 3} year old 
child, did the pneumatization progress 
further, so that the posterior end of the 
sinus approached the vertical plane of the 
tuberculum sellae. In the second age group 
(4-12 years), almost one-half of the cases 
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lic. 9. Lateral roentgenogram of the sphenoid bone 
in a 33 year old child, showing the sphenoidal 
sinus. 


displayed a sellar type sinus, but in no in- 
stance was the pneumatization of the dor- 
sum sellae evident. In the third age group 
(13-20 years), the sellar type sinus was 
present in 87.2 per cent of the cases, and the 
pneumatization of the dorsum sellae and 
posterior clinoid processes occurred in 22.2 
per cent of instances. In general, the per- 
centages the different 
types of sinuses found in this age group 
(13-20 years) were similar, with little varia- 
tion, throughout the remaining age groups. 
According to these results, the sphenoidal 
sinus does not reach its full maturity by the 
twelfth postnatal year. Pneumatization of 
the dorsum sellae and posterior clinoid pro- 
cesses first appeared in the period of de- 
velopment between the thirteenth and 
twentieth vears. The occurrence of pneu- 
matization during this period is similar to 
that in older age groups, so that the vears 
between 13 and 20 may be considered as the 
time in which the sphenoidal sinus reaches 
its adult size. 

There are many theories relative to the 
initiating. factors in the development. of 
paranasal sinuses. The activity of the nasal 
epithelium, which and 
stroys either underlying cartilage or bone 
during prenatal life, is the main factor in 
the development of a sinus.?^?* From birth, 
sinuses develop under the influence of dif- 


of occurrence of 


proliferates de- 
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ferent conditions; endocrine,” environ. 
mental," hypophyseal,* type of respira- 
tion,” etc. For these reasons it is impossible 
to determine the exact age at which an in- 
dividual sinus completes its development, 
whereas for a large number of cases, this 
falls somewhere between the thirteenth 
and twentieth vear of postnatal life. 


CONCLUSIONS 


The sphenoidal sinus in the first 20 vears 
of postnatal life undergoes very active de- 
velopment. During the first 4 years, except 
in rare instances, this sinus develops extra- 
sphenoidally, within the bony cupolar re- 
cess of the nasal cavity (concha Bertini). 
From the fourth to the twelfth year, the 
sinus continues its development posteriorly 
through the sphenoid body, but never ex- 
tends into the dorsum sellae beyond the 
horizontal level of the floor of the hypo- 
physeal fossa. In the next period, until the 
twentieth year, the sinus develops further 
posteriorly and pneumatizes the dorsum 
sellae and the posterior clinoid processes 
initially, either partially or totally in 22.2 
per cent of the cases. No significant differ- 
ence in the occurrence of pneumatized 
dorsum sellae and posterior clinoid pro- 
cesses exists between this and the older age 
groups. 

Differences in the degree of development 
of the sphenoidal sinus between the sexes 
are minimal, 

Of all investigated sinuses (soo): 62 
(12.4 per cent) were of the presellar type; 
20 (4 per cent) of the presellar-sellar type; 
229 (45.8 per cent) of the sellar a type; 65 
(I3 per cent) of the sellar ab type; Sb (17.2 
per cent) of the sellar b LYDES 22 (4.4 per 
cent) of the sellar c type; and, 16 (3.2 per 
cent) of the sellar d type. 

Branislav Vidié, Dr. Stom. 

Department of Anatomy 

School of Medicine, St. Louis University 
1402 South Grand Boulevard 
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IHE INTERSPHENOID SYNCHONDROSIS* 


By CHAS. E. SHOPFNER, M.D.,t TED W. Wi )LFE, M.D., and 
RICHARD T. O’KELL, M.D.§ 


KANSAS CITY, MISSOURI 


N OBLIQUE cleft is commonly ob- 
served in the anterior portion of the 
body of the sphenoid bone in infants and 
children (Fig. 1). Only Caffey,® and Taveras 
and Wood” of several authors dealing with 
the roentgen anatomy of the skull, repro- 
duced roentgenograms showing such a 
cleft, 8:10,11,12,14,16, 20, 21 

Caffey describes the cleft as the syn- 
chondrosis between the presphenoid and 
the basisphenoid portions of the sphenoid 
bone, whereas Taveras defines it as the 
craniopharyngeal duct. Yet the roentgen 
appearance of the cleft is the same in both 
instances. 

Anatomists and embryologists state that 
the sphenoid body ossifies from 2 centers, 
the presphenoid and the postsphenoid, but 
that the synchondrosis between them 
closes bv the eighth fetal month.?1.15.15 
Caffey? and Kohler and Zimmer! recog- 
nize that the synchondrosis may persist 
and be roentgenologically visible in the 
newborn infant who is either hydrocephalic 
or premature. They call it the inter- 
sphenoid synchondrosis. However, there 
is no reported study of its incidence by 
roentgen or other methods. 

Arey? credits Virchow with the descrip- 
tion of the craniopharyngeal canal as the 
remnant of the path used by Rathke’s 
pouch in its migration from the pharynx 
to the sella and union with a diverticulum 
from the floor of the brain to form the 
pituitary. gland. Its incidence has been 
reported as being 0.42 per cent in 8,338 
anatomic specimens from patients of all 
ages, and between $ and g per cent in 
infants under the age of 3 months.!218 


“— 


FIG. 1. An 8 month old infant examined because of 
head trauma. An oblique cleft with sclerotic mar- 
gins 1s evident in the body of the sphenoid bone 
(arrows). 

However, this incidence of the canal was 

determined by visual detection in gross 

anatomic specimens and no roentgeno- 
gram showing the craniopharyngeal canal 
has been published. Caffey® 
drawing of a roentgenogram in which there 
is a cleft that is described as a canal, and 

Abt! has a similar line drawing of an 

anatomic specimen but the clefts in these 

drawings appear similar to the intersphe- 


shows a 
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'The Intersphenoid Synchondrosis 


TABLE I 























No. 
Age of 


Patients : 
Number 





Sphenoid Cleft 





Total 








Per Cent 


No. 
of 
Patients 


Sphenoid Cleft 





Number Per Cent 








1 Day to 30 Days 64 
1 Month to 1 Year 62 
1 Year to 2 Years 63 
2 Years to 3 Years 61 
5 Years to 15 Years 500 








noid synchondrosis. Kohler and Zimmer" 
state that the craniopharyngeal canal 
arises lower on the sellar floor than the 
intersphenoid synchondrosis but does not 
illustrate this with either roentgenograms 
or drawings. 

Therefore, confusion arises from a review 
of the literature concerning the relationship 
of the sphenoidal cleft, observed in the 
patient of Figure 1, to the intersphenoid 
synchondrosis and the craniopharyngeal 
canal. Furthermore, no determination of 
incidence or a description of either the 
synchondrosis or canal has been accom- 
plished by roentgenologic methods. The 
purpose of this paper is to report the results 
of a combined roentgenologic and anatomic 
study of the sphenoid bone in infants and 
children to determine the incidence, etiol- 
ogy, and relationship of the sphenoidal 
cleft to the intersphenoid synchondrosis 
and craniopharyngeal canal. 


MATERIAL 


Table 1 lists the patients by age groups. 
Each patient had had roentgen examina- 
tions of the skull in the posteroanterior, 
Towne, and both lateral projections. Indi- 
cations for the examinations were varied 
but trauma was the most common, Other 
indications included failure to thrive, 
seizure disorder, meningitis and hydro- 
cephalus. No selection or analysis was 
made by disease category. 

Anatomic specimens of the sphenoid 
bone were obtained from 32 autopsy pa- 
tients. One was a 30 week old stillborn 





64 41 
126 56 
189 69 
250 71 
750 71 











infant, 18 were between the ages of 1 week 
and 3 months, 9 were between the ages 
of 3 months and 3 years, and the remaining 
4 were older than 3 years. The oldest was 
15 years. Roentgenograms of the entire 
gross specimen were obtained following 
which microscopic sections were made of a 
midsagittal cut through the sphenoid 
bone. 

Additional specimens of 15 adult sphe- 
noid bones from the Department of Anat- 
omy of the University of Oklahoma School 
of Medicine* were studied. Roentgeno- 
grams were made of three that exhibited a 
foramen in the area of the cleft under study. 


INCIDENCE 


Table 1 lists the incidence of the sphe- 
noidal cleft by age group. These incidence 
statistics suggest certain observations con- 
cerning the etiologic relationship of the 
cleft to the intersphenoid synchondrosis 
and craniopharyngeal canal. Its prevalence 
in the younger age groups, progressive 
decrease with age, and absence after 3 
years of age supports the cleft as being a 
normal structure, 7.e., the intersphenoid 
synchondrosis, rather than the cranio- 
pharyngeal canal. It would be unlikely 
that an anomalous structure, the cranio- 
pharyngeal canal, would exist in as high 
a percentage of the population as the cleft. 

Unfortunately there are no published 
reports of the incidence of the inter- 


* Courtesy of G. H. Daron, Ph.D., Department of Anatomy, 
University of Oklahoma School of Medicine, Oklahoma City, 
Oklahoma. 
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sphenoid synchondrosis. Various publica- 
tions give the incidence of the cranio- 
pharyngeal canal in infants as being from 
5 to IO per cent.^?!5 [t is pertinent to 
comment that these observations were 
based on visual identification of the canal 
in gross specimens, most often cleaned and 
dried ones. Roentgen and gross visual 
methods of identification are not compa- 
rable. Considerable difficulty en- 
countered grossly visualizing clefts in the 
material of this study that were easily 
detectable by roentgenology. Therefore, 
a comparison of the incidence for the 
cleft and the craniopharyngeal canal is 
not valid. 


Was 


ROENTGEN CHARACTERISTICS 
The roentgen appearance of the sphe- 
noidal cleft varies with the age of the 
patient. [t is distinct with sclerotic mar- 
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in the majority of young infants 
2, A-D). Its origin is at the anterior 
sellae from which it runs obliquely ante- 
riorly and inferiorly through the sphenoidal 
body. The majority are straight but a few 
follow a superiorly arched direction. Posi- 
tioning and the state of sphenoidal ossifi- 
cation cause variations in the distinctness 
of the cleft (Fig. s A and By 


Progressive, concentric ossification and 


growth of the sphenoid bone with increas- 
ing age causes the cleft to occupy a more 
inferior position in the anterior sellar wall 
(Fig. 4, 4-D; and 5, A4-D). Growth of 
the sphenoid bone occurs in a superior 
direction at the synchondrosis between 
the presphenoid and  orbitosphenoid 
centers, whereas inferior growth occurs at 
the spheno-occipital synchondrosis. One 
that there is a thick 


must recognize 


liG. 2. (4-D) Four different infants aged 2 tog days were examined for various reasons but none for suspected 


sellar or sphenoid bone abnormality. The sphenoidal cleft is prominent and easily seen in each of these 
patients. It lies in the anterior one-third of the sella with the presphenoid center above and the post- 
sphenoid center below. The spheno-occipital synchondrosis is just inferior to the ossified portion of the 
dorsum sellae. Black arrows—sphenoidal cleft. White arrows —spheno-occipital synchondrosis. 





The Intersphenoid Synchondrosis 


Fic. 3. Two different infants aged (4) 2 days and (B) 3 days with the sphenoidal cleft poorly defined (arrows). 
Roentgen rays passing obliquely through the cleft cause the poor definition. 


envelope of invisible cartilage around the 
visible ossification of the sphenoidal body. 
As ossification progresses in the cartilage, 
both superiorly and infenorly, the end 
result is a composite elongation of the 
sphenoidal body in an anterosuperior and 
posteroinferior direction. Consequently, the 
lower position of the cleft is only a relative 
one (Fig. 5, /4-D). 

Disappearance of the sphenoidal cleft is 
observed in patients having sequential ex- 
amination (Fig. 6, 7, B and C). Sometimes 
its disappearance occurs within a few 
months, whereas in others it persists to the 
age of 3 years. The rapid decline in its 
incidence after the age of 2 years, however, 
indicates that the majority disappear be- 
fore this age. 


EMBRYOLOGY 


A pharyngeal diverticulum (Rathke’s 
pouch) migrates through the future site of 


the sphenoid body to the sella turcica where 
it joins with a diverticulum from the floor 
of the brain to form the pituitary gland. 
This migration occurs in embryos of 8-12 
mm. (2nd to the 6th week), during which 
time a stalk (Rathke’s pouch stalk) main- 
tains a connection between the pouch and 
the pharynx within the future body of the 
sphenoid.!5* An obliteration 
starts at I2 mm. (6 weeks) and ends at 23 
mm. (8 weeks), in which the stalk becomes 
solid, narrow, interrupted and finally dis- 
appears. 

In the meantime, the phase of sphenoid 
chondrification has been progressing. Pre- 
cartilage, present (except in the immediate 
vicinity of the hypophyseal stalk) within 
the future body of the sphenoid at 12 mm. 
(6 weeks), has changed to cartilage in the 
same area by 17 mm. (7 weeks). A canal, 
marking the location of the former stalk, 
may traverse the cartilaginous mass in 


process 
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lic. 4. Four patients of different ages. (4) 1 month, (B) 2 months, (C) 3 months and (D) 4 months. The 
cleft (arrows) appears lower on the anterior sellar wall in D because the sphenoid body has been elongated 


by progressive ossification. 


embryos until the 25 mm. stage (8 weeks) 
when 1t disappears. 

Ossification of the sphenoidal cartilage 
begins when the fetus is approximately 7o 
mm. (13 weeks) and long after obliteration 
of Rathke’s pouch stalk. There are 6 pairs 
of centers; one each for the orbitosphenoid 
(lesser wing), alisphenoid (greater wing), 
medial pterygoid (medial pterygoid plate), 
presphenoid (anterior part of body) and 2 
for the postsphenoid (posterior part of 
body). Fusion of the adjacent centers oc- 
curs periodically so that by the eighth fetal 
month there are only 5 main centers, 1 for 
the body (basisphenoid) and 1 for the 
lesser (orbitosphenoid) and greater wings 
(alisphenoid) on each side. 

It is stated in the Gray textbook! that 
the migration path of Rathke’s pouch is be- 
tween the presphenoid and postsphenoid 
and that “the craniopharyngeal canal, 
through which the hypophyseal diver- 


ticulum 1s connected with the buccal ecto- 
derm in fetal life, occasionally persists be- 
tween the pre- and postsphenoids."" There- 
fore, the location described for the cranio- 
pharyngeal canal is the exact site of the 
intersphenoid synchondrosis. In an excel- 
lent review and reinterpretation of the 
craniopharyngeal canal in human em- 
bryos, Arey? contradicts everyone who has 
written that the canal represents the un- 
closed pathway originally used by Rathke’s 
pouch and boldly identifies it as merely a 
vascular channel. 

There is general agreement that the 
tuberculum sellae represents the fusion site 
of the presphenoid and postsphenoid, and 
that the fusion occurs before birth. How- 
ever, it has been roentgenologically docu- 
mented that the synchondrosis between the 
pre- and postsphenoid centers remains open 
and visible after birth in hydrocephalic and 
premature infants.°!6 
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Fic. 5. Four patients of different ages. (A) 18 months, (B) 19 months, and (C and D) both 2 years. The 
sphenoidal cleft (arrows) is less distinct than in the younger infants and it appears to be located lower on 


the anterior sellar wall. 


Relating embryologic knowledge to the 
sphenoidal cleft, one concludes that it is not 
the craniopharyngeal canal because the 
stalk of Rathke's pouch exists prior to the 
beginning of ossification and never occupies 
a bony canal or cleft. Furthermore, there 1s 
good evidence that the craniopharyngeal 
canal is nothing more than a vascular 
channel and could not be roentgenologically 
visible as a cleft because 1t lies so deep 
within the sphenoidal body in the midline 
of the skull. Closure of the intersphenoid 
synchondrosis does not occur before birth 
in all infants and it seems entirely possible 
that it may have been misinterpreted as a 
craniopharyngeal canal which is described 
as occurring in the same location. 


ANATOMY 


Microscopic evidence of an enchondral 
bone formation zone is present at the site of 


the roentgenologically demonstrable cleft 
in all of the sphenoid bone specimens ob. 
tained from autopsy cadavers under the 
age of 3 years (Fig. 7). On each side of the 
enchondral zone is trabecular bone inter 
mingled with bone marrow spaces which 
represent ossification within the centers for 
the presphenoid and postsphenoid portions 
of the sphenoid body (Fig. 7: arrows f and 
c). The hyaline cartilage of the enchondral 
zone is the intersphenoid synchondrosis and 
has the same microscopic appearance as the 
spheno-occipital synchondrosis. No hypo 
physeal tissue, vascular canals, or other tis- 
sue exists in this cartilaginous bar. 
Visual identification of the intersphenoid 
synchondrosis in the fresh sphenoid speci- 
mens is not possible because it is sur- 
rounded by the cartilaginous envelope 
through which the ossification centers are 
not visible. It is visible in the midsagittal 





C. E. Shopfner, T. W. Wolfe and R. T. O'Kell 


cuts through the specimens of the younger 
infants because the cuts pass through the 
ossification centers which have a distinct 
visual demarcation from the cartilage of the 
synchondrosis. The younger the age, the 
wider the synchondrosis, because of the 
lesser ossification within the pre- and post- 
sphenoid centers (Fig. 8). In the specimens 
from the older infants and children, the 
synchondrosis is not visible because it has 
been narrowed below naked eye perception 
by the ossification within the pre- and 
postsphenoids but is made detectable by 
the magnification of microscopy and roent- 
genologv. 

Specimens of the 4 sphenoid bones from 
children older than 3 vears do not show the 
intersphenoid synchondrosis in the micro- 
scopic sections. The pre- and postsphenoid 
ossification centers have fused impercepti- 
bly into one main center for the sphenoidal 
body. 

All but two of the dried adult sphenoid 
bone specimens have foramina located on 
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lic. 6. Sequential examinations of the 
sphenoid bone at ages (4) 6 days, (B) 1 
month, and (C) 3 months. Patient had a 
scalp abscess and was followed sequen- 
tially because of possible osteomyelitis of 
the skull. The sphenoidal cleft (arrows) is 
clearly visible at 6 days of age, is less dis- 
tinct at I month, and has disappeared by 
3 months. Note how the sphenoid bodv 
has been elongated by progressive ossifi- 
cation at the synchondroses. 


the walls of the sella turcica. The number 
varies from 1 foramen in two specimens to 
18 in one. The most common location is the 
floor and posterior wall of the sella. Three 
of the bones have a prominent foramen on 
the anterior bank of the sellar fossa, just 
below the tuberculum, that appears to be 
what are described as the cranial openings 
of craniopharyngeal canals.? These do not 
appear different in appearance from those 
located elsewhere within the sella and all 
have the appearance of vascular foramina. 
A small metal stvlus could be inserted into 
2 of the 3 foramina located in the area de- 
scribed for craniopharyngeal canals. Roent- 
genograms of each specimen, with the 
stylus in place, show that the passage ends 
blindly within the mid part of the sphenoid 
sinus and does not pass completely through 
the sphenoid body. 
Anatomico-roentgenologic correlation re- 
veals that the intersphenoid synchondrosis 
remains patent until the approximate age 
of 3 years and is roentgenologically de- 
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monstrable in some patients as the sphe- 
noidal cleft. Gross, microscopic and roent- 
genographic examination of the specimens 
revealed no structure similar to the cranio- 
pharyngeal canal. 


DISCUSSION 


Anatomic, microscopic and roentgeno- 
logic evidence indicates that the sphenoidal 


| $ 
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Fic. 7. Photomicrograph of a midsagittal section 
through the sphenoid bone of a 2 week old infant 
who died a “crib death.” The anterior and poste- 
rior lobes of the pituitary gland (arrow a) are in the 
sellar fossa. Dense compact bone of the sellar floor 
blends posteriorly with the ossifying portion of the 
postsphenoid center and the cartilaginous dorsum 
(arrow b). The roentgenogram at this stage of de- 
velopment shows the tip of the posterior sellar wall 
at the level of arrow b because the cartilaginous 
portion of the dorsum sellae above is invisible. 
Arrows c and f indicate the postsphenoid and pre- 
sphenoid ossification centers respectively, and 
arrows d the intersphenoid synchondrosis between 
them. There is an artifactual tear in the cartilage 
at arrow e. This is histologic confirmation of en- 
chondral hyaline cartilage separating the pre- and 
postsphenoid ossification centers in the same loca- 
tion as the roentgenologically demonstrable 
sphenoidal cleft. 


The Intersphenoid Synchondrosis 


Fic. 8. Photograph of a midsagittal cut through the 
sphenoid bone of a 30 week old stillborn. The speci 
men measures 7 X 14 mm. and is entirely cartilagi- 
nous except for the pre- and postsphenoid ossifica- 
tion centers which are separated by the inter- 
sphenoid synchondrosis (arrows). Roentgenograms 
of the specimen demonstrate the sphenoidal cleft 
at the exact location of the intersphenoid synchon 
drosis. 1. Presphenoid ossification; 2. postsphenoid 
ossification; 3. pituitary gland; 4. cartilage of dor 
sum sellae, and 5. orbitosphenoid cartilage. 


cleft is the roentgen manifestation of the 
patent intersphenoid synchondrosis. Em- 


3,13,16,15 


brvologic and anatomic studies, 
which state that the synchondrosis closes 
by the 8th fetal month, are based on its 
gross visual detection. Roentgenology and 
microscopy are superior methods of detec- 
tion in that they show an open synchondro- 
sis not detectable by gross vision. 

A variable but progressive ossification 
within the pre- and postsphenoid centers 
which closes the synchondrosis by the age 
of 3 years has been demonstrated. Even 
though no analysis of the sphenoidal cleft 
by disease category has been made, it 
seems likely that it will be found more often 
in those conditions associated with delayed 
ossification of the skull bones, such as 
Caffev, and Kohler and Zimmer'* suggest 
with hydrocephalus and prematurity, just 
as it is more common in the younger age 
groups. However, that it has no pathologic 
significance is indicated by the fact that it 
was found in the normal patients of this 
study who were examined for head trauma. 
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Presence of the synchondrosis in the micro- 
scopic sections of all specimens less than 5 
years of age, but a roentgen incidence of 
only 28 per cent in the same age group, in- 
dicates that its roentgen demonstration is 
determined by age, roentgen technique and 
anatomic positioning. 

Conclusions that the craniopharyngeal 
canal does not exist as an entity are sug- 
gested. Particularly impressive is the fact 
that no such canal was found by anv 
method of detection in the material of this 
study, whereas a total of 3 to 6 is expected 
on the basis of the 5 to 10 per cent incidence 
of the canal reported in the literature.! 2:15 
Even more impressive is the fact that no 
roentgenogram has ever been published 
which clearly distinguishes the canal as 
different from the intersphenoid synchon- 
drosis. Furthermore, published series of 
pituitary tumors, particularly cranio- 
pharyngioma, fail to indicate an increased 
incidence of the canal. 

Arey? maintains that "the final ‘canal’ is 
neither the remains of the hypophyseal 
stalk, nor a perpetuation of a space left by 
the degenerating hypophyseal stalk, nor a 
residual channel in the cartilage that has 
become bordered with bone. Rather it is a 
channel forming during bone development 
when vessels come to connect with the 
marrow spaces by erupting into the dis- 
solving cartilage and developing bone, from 
the young periosteal tissue." Our study of 
the dried, adult specimens certainly sup- 
ports Arey’s contention. The foramina, 
that appear to be what are described as the 
cranial openings of a craniopharyngeal 
canal, are no different than other obvious 
vascular foramina in the same specimen, 
other than being where one expects a 
remnant of Rathke's pouch stalk to be 
located. 

The opinion of Köhler and Zimmer" that 
the craniopharyngeal canal arises lower on 
the sellar floor than the intersphenoid syn- 
chondrosis is explained by the relative posi- 
tion occupied by the synchondrosis during 
different stages of sphenoidal body ossifica- 
tion. 


C. E. Shopfner, T. W. Wolfe and R. T. O'Kell 


SEPTEMBER, 1968 


SUMMARY 

1. The intersphenoid synchondrosis re- 
mains patent in normal children until the 
age of approximately 3 years. 

2. The sphenoidal cleft is the roentgen 
manifestation of the intersphenoid svn- 
chondrosis. 

3. It occurs in 64 per cent of infants less 
than 1 month of age, progressively de- 
creases to 28 per cent in all children less 
than 3 vears of age. 

4. It has no pathologic significance. 

5. Its roentgen detection is determined 
by age, roentgen technique and anatomic 
positioning. 

6. Channels described as the cranio- 
pharyngeal canal appear to be vascular in 
origin and no roentgen or anatomic con- 
firmation of such a canal as an entity is 
found. 


Chas. E. Shopfner, M.D. 
Department of Radiology 

The Children's Mercy Hospital 
1710 Independence Avenue 
Kansas City, Missouri 64106 
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IHE LATERAL PROJECTION IN TOMOGRAPHY 
OF THE PETROUS PYRAMID* 


By GUY D. POTTER, M.D. 


NEW YORK, NEW YORK 


HE lateral or sagittal tomogram of the 

petrous pyramid is always useful for 
more precise localization and extent of any 
abnormalities demonstrated on the hori- 
zontal or coronal tomogram. For the best 
visualization of the external auditory canal, 
the vertical portion of the facial canal, the 
ossicles, and the round window, the lateral 
projection is essential. 

Nonetheless, it is seldom used. One ex- 
planation for this might be that the ana- 
tomy of the petrous pyramid is more famil- 
iar in the horizontal position. 

In a routine transorbital roentgenogram 
of the petrous pyramid, the internal audi- 
tory canal, vestibule and semicircular 
canals are easily seen (Fig. 1,7). In a hori- 
zontal tomogram of the petrous pyramid, 
the same structures have the same appear- 
ance (Fig. 15). Therefore, the anatomy of 
the petrous pyramid as seen on the hori- 
zontal or coronal tomogram is already 
familiar. 

On the other hand, there is little simi- 
larity between the appearance of the 
petrous pyramid as seen on the routine lat- 
eral roentgenogram of the skull (Fig. 2.7) 
and the lateral tomogram of the petrous 
pyramid (Fig. 2, 5 and C). Therefore, the 
anatomy as seen on the lateral tomogram is 
not as familiar as the anatomy seen on the 
horizontal tomogram. 

On the horizontal tomogram, the malleus 
and incus because of their proximity to one 
another and because of the saddle shaped 
nature of the incudomalleal joint cannot be 
clearly seen as separate entities. In con- 
trast, they are clearly and distinctly seen on 
every normal lateral tomographic study of 
the petrous pyramid when the tomographic 
sections are taken at every 1 mm. interval. 


A diagnostic sign relating to the malleus 
and incus which is of importance is to be 
found on the lateral tomogram. I shall refer 
to it as the "molar tooth sign"; 7.e., the 
combined outlines of the incus and malleus 
in a lateral tomographic section of these 
ossicles resemble a molar tooth with the 
head of the malleus and the body of the 
incus forming the crown of the tooth, the 
handle of the malleus forming the anterior 
root, and the long process of the incus form- 
ing the posterior root. The molar tooth sign 
should be present in every normal lateral 
tomographic examination of the petrous 
pyramid. If it is not, then the ossicles are 
abnormal or displaced. The molar tooth 
sign 1s seen in Figure 2, B and C. 

Although both the malleus and incus 
may be affected, the incus alone is more 
commonly involved and especially the long 
process of the incus. Therefore, particular 
attention should be paid to the long pro- 
cess of the incus, that is to say, the pos- 
terior root of the molar tooth sign. 

An inflammation of the middle ear can 
lead to the destruction of the ossicles with 
or without the presence of a cholesteatoma. 
Again the long process of the incus is the 
most usuallv affected. 

REPORT OF CASES 

Case 1. A patient had a profound conductive 
hearing loss in the right ear and normal hearing 
in the left ear. A lateral tomographic section 
through the malleus and incus of the affected 
ear (Fig. 3, 4 and B) demonstrates an in- 
complete molar tooth sign. Only one root of 
the molar tooth is seen, the anterior one, the 
handle of the malleus. The posterior root, the 
long process of the incus, is truncated. (Com- 
pare with Fig. 2, B and C for the normal 
appearance of the molar tooth sign.) At surgery, 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 26-29, 1967. 
From the Department of Radiology, Columbia University, College of Physicians and Surgeons, New York, New York. 
This work was supported by Public Health Service Research Grant sRO1 GM 14315. 
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Fic. 1. Comparison of the appearance of the petrous pyramid as seen on the routine transorbital roentgeno 

gram and a horizontal tomogram. (/7) Routine transorbital view of the petrous pyramid. Note the internal 
auditory canal and vestibule with the lateral and superior semicircular canals leading from it. (B) Horizon- 
tal tomographic section through the internal auditory canal. The anatomic details seen on the tomogram 


have a similar appearance and relationship as seen on the routine roentgenogram. 


the lower two-thirds of the long process of the causing the conductive hearing loss in the 
incus was found to be destroyed by granula- affected ear. 
tion tissue disrupting the ossicular chain, thus When there is congenital atresia of the ex- 


o 


Fic. 2. Comparison of the appearance of 
the petrous pyramid as seen on the rou- 
tine lateral roentgenogram of the petrous 
pyramid and on the lateral tomogram. 
(4) Routine lateral view of the petrous 
pyramid. The general shape of the 
petrous pyramid is demonstrated and the 
temporomandibular joint can be seen but 
none of the detailed anatomy of the 
structures within the petrous pyramid 
can be differentiated. (B) Lateral tomo- 
gram of the petrous pyramid. This sec- 
tion is taken through the attic. It demon- 
strates the temporomandibular joint an- ce 
teriorly, the malleus and incus, the verti- 
cal portion of the facial canal, and the 
lateral semicircular canal. (C) Line drawing of B. TM—Temporomandibular joint anterior to the petrous 
pyramid; F—vertical portion of facial canal; L—lateral semicircular canal; M—malleus; | —incus. Note 
the molar tooth appearance of the combined shadow of the malleus and incus with the anterior root formed 
by the handle of the malleus and the posterior root formed by the long process of the incus. 





Guy D. 
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FIG. 3. Case 1. Erosion of long process of incus. (4) 
Lateral tomogram through the attic of the affected 
ear. The long process of the incus is truncated. 
(B) Line drawing of 4. M—malleus; | 
l—facial canal; L—lateral 
The molar tooth sign is incomplete. The posterior 


incus; 
semicircular canal. 
root is missing which means pathologic change in 
the long process of the incus. 


ternal auditory canal, the malleus and incus 
are often involved in the congenital anomaly. 
The lateral tomographic section and the molar 
tooth sign are helpful in analyzing this ab- 
normality. 


Case rm. A child had bilateral congenital 
atresia of the external auditory canal. In a 
lateral tomographic section through the ossicles 
(Fig. 4, Æ and B), the molar tooth appearance 
has been replaced by a boomerang form which 
is a single large malformed ossicular mass. 

Abnormalities of the course of the facial 


canal are also common 1n congenital atresia of 


the external auditory canal. In Case rm the 
course of the facial canal is abnormal (Fig. 4, 


A and B). 
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Normally, the facial canal turns sharply 
downward immediately beneath the lateral 
semicircular canal and descends vertically to 
the stylomastoid foramen (Fig. 2, P and C). 
In Case 11, the facial canal exits from the middle 
ear far below the lateral semicircular canal and 
runs an oblique course to the stylomastoid 
foramen (Fig. 4, 4 and B). When surgical 
correction of the congenital atresia of the ex- 
ternal auditory canal is planned, visualization 
of the course of the facial canal is important 
to minimize the chances of damage to it during 
the operation. The lateral tomographic section 
is best for demonstrating the vertical portion 
of the facial canal. 

Inflammatory changes in the vertical portion 
of the facial nerve canal are most likely to 


e 


l'1G. 4. Case 11. Congenital abnormalities of the mal- 
leus and incus and the course of the facial canal. 
(4) There is an ossicular mass shaped like a boom- 
erang. The facial canal descends in an oblique 
fashion rather than turning sharply immediately 
beneath the lateral semicircular canal and de- 
scending in a vertical fashion. (Compare with 
Fig. 24.) (B) Line drawing of 4. OM 
mass; l'—facial canal. The molar tooth sign has 
been replaced by a boomerang shaped ossicular 
mass. The course of the facial canal is oblique 
rather than vertical. (Compare with Fig. 2B.) 


ossicular 
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Lateral Tomography of Petrous Pyramid 


Fic. £. Case 111. Facial palsy with destruction of cortex of facial canal. (4) Lateral tomogram through the ver 
tical portion of the facial canal of the normal ear. The anterior and posterior cortex of the vertical portion 
of the facial canal are sharply delineated. (B) Lateral tomogram through the facial canal of the affected 
ear. The posterior cortex of the vertical portion of the facial canal is destroved. This destruction could not 


be seen on the horizontal tomogram. 


occur in the anterior wall from an otitis media 
or in the posterior wall from a mastoiditis; 
however, neither the anterior cortex nor the 
posterior cortex of the facial canal is well 
demonstrated in the horizontal tomographic 
sections. Therefore, when there 1s a facial 
paralysis following an otitis media or mas- 
toiditis, lateral tomographic cuts of the vertical 
portion of the facial canal should be obtained. 


Case rr. A 17 year old girl had an otitis 
media for 2 months prior to admission. It did 
not respond to antibiotics. Six weeks later she 
developed a peripheral facial palsy. 

The question was whether this was a toxic 
Bell's palsy or if there was actual structural 
change in the peripheral facial canal to indicate 
immediate surgical intervention. In a normal 
ear (Fig. 2, B and C), the facial canal is well 
outlined and the bone cortex intact. Figure 54 
is the abnormal ear of Case 111, where the poste- 
rior wall of the facial canal is destroyed. This 
was confirmed at surgery. The cortex of the 
vertical portion of the facial canal wall had 
been destroyed by a tuberculous mastoiditis. 

The status of the bony wall of the external 
auditory canal is best evaluated on the lateral 
tomogram (Fig. 5B). This is because the canal 
is a tubular structure and the lateral tomogram 
gives a cross section of this tube. The margins 
of a tube are best evaluated in cross section 
because the entire margin is seen on one section. 


Case iv. An 11 year old boy fell from his 
bicycle hitting his head on a cement curb. He 
developed an immediate facial palsy. Routine 


mastoid roentgenograms were normal. A lateral 
tomogram of the external auditory 
reveals a fracture of the posterior superior 
canal wall extending posteriorly toward the 
facial canal (Fig. 68). When the appearance of 
normal ear (Fig. 64) is compared with the 
abnormal ear (Fig. 6B), the fracture line ts 
easlly seen. 


canal 


Case v. A Marine pilot was injured by 
shrapnel. The shrapnel entered the skull near 
the tip of the right mastoid process. A lateral 
tomogram demonstrates a fracture lineextending 
from the posterior inferior wall of the cana! 
toward the stylomastoid foramen (Fig. 6C). 

These fracture lines were easily seen on the 
lateral tomograms but could not be seen on the 
horizontal tomograms. 


Case vi. A 55 year old man had a squamous 
cell epithelioma of the external auditory canal 
A lateral tomogram of the external auditory 
canal demonstrates erosion, irregularity, and 
destruction of the bony canal wall (Fig. 6D). 
The destruction anteriorly extends into the 
temporomandibular joint. The erosion could be 
seen on the horizontal tomogram but the exact 
limits of destruction were better shown on the 
lateral tomogram and the extension into the 
temporomandibular joint was not appreciated 
on the horizontal tomogram. 


Case vit. A 63 year old man had received 
radiotherapy for a pituitary tumor 1$ years 
before. The external auditory canal was in the 
portal. The skin of the posterior wall of the 
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l'1G. 6. Comparison of the lateral tomogram 

of the external auditory canal of a nor- 

mal ear with the appearance seen in 

pathologic conditions such as fractures, 

tumor, and osteitis. (4) Lateral tomo- 

gram of normal external auditory canal. 

Note the smooth dense edge of the canal 

intact in its entire circumference. (B) 

Case 1v. Fracture of the external audi- 

tory canal. Notice the fracture of the 

posterosuperior wall at about 2 o'clock. 

(C) Case v. Fracture of the external audi- 

tory canal. Note the fracture extending 

from the posteroinferior portion of the 

wall at § o'clock. (D) Case vr. Squamous cell epithelioma of the external auditory canal. The entire circum- 

ference of the external auditory canal is irregular and the margins are indefinite. The tumor has broken 

through into the temporomandibular joint anteriorly and into the middle cranial fossa superiorly. This 

extension of the tumor outside the external auditory canal could not be seen on the horizontal tomograms. 

(E) Case vir. Osteonecrosis of the wall of the external auditory canal. There is loss of the cortical margin of 

the posterior wall of the external auditory canal from 3 o'clock to 6 o'clock with demineralization of the 
underlying bone. 


external auditory canal broke down. The A lateral tomogram of the affected ear shows 
ulceration did not respond to conservative loss of the cortical margin of the posterior wall 
therapy. A plastic procedure was planned but of the external auditory canal from 3 o'clock 
there was a question of underlying bone to 6 o'clock with demineralization of the under- 


necrosis. lying bone (Fig. 6E). This change in the poste- 





104, No. I 


T 


l i 


o 


Lateral Tomography of Petrous Pyramid 


liG. 7. Case viri. Congenital absence of the round window. (4) Lateral tomogram through the normal round 
window communicating between the basilar turn of the cochlea and the tympanic cavity. (B) Line drawing 
of A. C—cochlea; V—vestibule; RW—round window; T—tympanic cavity. (C) Lateral tomogram through 
the round window of the affected ear. The posteroinferior portion of the tympanic cavity is not developed. 


There is no communication between the cochlea an« 


cochlea; V—vestibule; T—tympanic cavity. 


rior wall of the canal was not appreciated on 
the horizontal cuts because the horizontal 
tomogram does not produce a cross section of 
the external auditory canal. However, on the 
lateral tomogram we do have a cross section 
contour of the external auditory canal. 

Because of its anatomic orientation in the 
petrous bone the round window is better seen 
on the lateral tomogram than on the horizontal 
tomogram. 


Case virt. A 4 year old boy had a conductive 
hearing loss. A lateral tomogram of a normal 
ear through the round window shows the 
round window communicating between the 
basilar turn of the cochlea and the tympanic 


| the tympanic cavity. (D) Line drawing of C. C 


cavity (Fig. 7, Æ and B). A lateral tomogram 
through the round window shows that there is 
no round window (Fig. 7, C and D). 


SUMMARY 


Because of their anatomic orientation in 
the petrous pyramid, the external auditory 
canal, the vertical portion of the facial 
canal, the malleus and the incus and the 
round window can best be seen on the lat- 
eral tomogram. 

Clinical examples have been shown of the 
value of the lateral tomogram in revealing 
the pathologic processes affecting these 
structures. 
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The “molar tooth sign" is of diagnostic 
significance; 7.e., the normal outline of the 
malleus and incus in the lateral tomo- 
graphic projection resembles a molar tooth 
with the crown of the tooth formed by the 
head of the malleus and the body of the 
incus, the anterior root by the handle of the 
malleus, and the posterior root by the long 
process of the incus. Any irregularity in this 
molar tooth outline indicates a pathologic 
condition affecting the malleus and incus or 
both. The locus of the pathology would be 
indicated by the portion of the molar tooth 
outline which is abnormal or displaced. 


Columbia-Presbyterian Medical Center 
622 West 168th Street 
New York, New York 10032 


Guy D. Potter 
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FIBROMUSCULAR DYSPLASIA AND OTHER 
UNCOMMON DISEASES OF THE CERVICAL 
CAROTID ARTERY: ANGIOGRAPHIC 
ASPECTS* 


By O. WAYNE HOUSER, M.D., and HILLIER L. BAKER, Jr., M.D. 


ROCHESTER, MINNESOTA 


T purpose of this report is to de- 
scribe the angiographic differentia- 
tion of the conditions which cause irregu- 
larities and dilatations in the wall of the 
cervical carotid artery. We shall omit con- 
sideration of atheromatous disease, because 
its angiographic patterns have been widely 
discussed in the recent literature, and con- 
centrate on the conditions which have only 
been sporadically mentioned and are less 
familiar. These conditions include fibro- 
muscular dysplasia, circular spastic con- 
tractions, stationary arterial waves, fusi- 
form and saccular aneurysms, and arterio- 
venous fistulas. 


MATERIAL 


This study is based on a review of more 
than 5,000 cerebral angiograms which were 
accomplished by direct carotid, right bra- 
chial, or right subclavian artery injec- 
tions. Twenty-eight cases were found 
in which nonatheromatous irregularities 
and dilatations of the cervical carotid 
artery were present. Of these, 16 were 
fibromuscular dysplasia, 8 were aneu- 
rysms, 2 were arteriovenous fistulas, and 
2 were stationary arterial waves. The 
patients’ ages ranged from 12 to 78 years 
with two thirds being more than 50 years 
of age. There were 12 males and 16 females. 
All but 4 of the 16 patients with fibro- 
muscular dysplasia were more than 50 
years old and 15 of the 16 were women. 

In only 6 of the 28 cases was angiography 
undertaken to delineate an obvious cervical 
carotid artery lesion; 4 of these were palpa- 
ble aneurysms and 2 were arteriovenous 
fistulas. No abnormal intracranial findings 


TABLE | 
INTRACRANIAL FINDINGS IN 28 PATIENTS WITH 
CERVICAL CAROTID ARTERY IRREGULARITIES 
AND DILATATIONS 











Condition Intracranial Findings 





lF'ibromuscular 
dysplasia 
(16 cases) 


Negative 

Aneurysm 

Glioma 

Glioma and aneurysm 

Cerebral edema 

Subdural hematoma 

Arterial occlusion with 
infarct 





Negative 
Aneurysm 


Aneurysm 
(8 cases) 





Arteriovenous fistula | Negative 


(2 cases) 





Standing arterial waves| Cerebral edema 
(2 cases) 


were observed in these 6 cases. In the re- 
maining 22 cases the cervical arterial 
changes were demonstrated during the an- 
giographic investigation of patients with 
head trauma, subarachnoid hemorrhage, 
suspected brain tumor, or cerebrovascular 
insufficiency. Sixteen of these also had de- 
monstrable abnormalities within the head 
(Table 1). 

Both patients in whom stationary arte- 
rial waves were observed had slowing of the 
intracranial circulation secondary to cere- 
bral edema. In 1 there was also occlusion of 
the left middle cerebral artery. Bleeding 
intracranial aneurysms were present in 2 of 
the patients with cervical aneurysms and in 
4 of those with fibromuscular dysplasia. 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 26-29, 1967. 
From the Mayo Clinic and Mayo Foundation: Section of Roentgenology (Dr. Baker). Mayo Graduate School of Medicine (University 


of Minnesota), Rochester: Resident in Radiology (Dr. Houser). 
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Other intracranial abnormalities found in 
the cases of fibromuscular dysplasia were 
3 gliomas of the brain, 1 glioma and aneu- 
rysm, 2 post-traumatic cerebral edema, 1 
subdural hematoma, and 1 cerebral infarct 
due to occlusion of a branch of the middle 
cerebral artery. 

We have not attempted a detailed tabu- 
lation of the intracranial findings for the 
numerous cases in which circular spastic 
contractions were observed. However, this 
condition was present in about 5 per cent of 
the 5,000 angiograms reviewed. 


ANGIOGRAPHIC FINDINGS 


Circular Spastic Contractions. Narrowing 
of the arterial lumen was the invariable and 
characteristic angiographic finding in cir- 
cular spastic contractions, the most fre- 
quently encountered alteration in the cervi- 
cal carotid artery. This narrowing always 
involved the middle portion of the artery, 
often involved its origin, but never involved 
that portion of the vessel lying within the 
bony confines of the base of the skull. 
There were a variety of angiographic pat- 
terns, all of which seemed to reflect only 
two basic tvpes of spastic phenomena: (1) 
sharply localized and bandlike in character 
and (2) diffuse and tubular. Either type 
might be present in its pure form but most 
often a combination of the two was seen. 

Localized spastic bands, when present 
alone, were usually multiple, narrowed the 
vessel lumen by Io to 20 per cent, and were 
separated by variable lengths of normal-ap- 
pearing artery (Fig. 1,7). Diffuse, tubular 
spasm almost always affected the entire 
extracranial internal carotid artery, nar- 
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rowed the lumen by 5o per cent or more, 
and showed gradual widening at each end 
as the normal vessel was approached (Fig. 
1 B). [In many cases the vessel was diffusely 
narrowed and exhibited spastic bands su- 
perimposed on the tubular constriction 
(Fig. 1C). In a few cases the tubular spasm 
was interrupted at intervals by nodes of 
relative widening in the lumen. These wide 
areas did not, however, approach the nor- 
mal diameter of the unaffected portions of 
the artery (Fig. 17). 

Stationary Arterial Waves. Narrowing of 
the arterial lumen, but only to a minor 
degree, was also the invariable and charac- 
teristic finding of stationary arterial waves. 
This narrowing was not diffuse and tubular 
in nature but instead exhibited a corru- 
gated outline of monotonous regularity 
affecting the middle portion of the artery 
(Fig. 2, 4 and B). In both of our cases, 
slowing of the intracranial circulation was 
present on the ipsilateral side. No changes, 
intracranial or cervical, were seen on the 
contralateral side in the one patient in 
whom bilateral studies were done. In the 
other patient, no changes had been dem- 
onstrated in the same artery when it was 
visualized 13 months prior to the onset of 
the intracranial vascular obstruction. 

Fibromuscular Dysplasia. Alternating 
zones of widening and narrowing of the 
arterial lumen were the typical feature of 
fibromuscular dysplasia. The dilatations or 
‘microaneurysms,’ which were always 
wider than the normal lumen, appeared as 
small sacculations of the arterial wall. They 
were separated from one another by irreg- 
ularly spaced, sharply localized constric- 





<< 





Fic. 1. Circular spastic contractions. (4) Localized, bandlike type, with only minimal narrowing of lumen 
and normal-appearing artery between bands. (B) Diffuse, tubular type, with marked narrowing of internal 
carotid artery. Note normal vessel in bony canal. (C) Diffuse, tubular spasm with superimposed localized 
constrictions. Note subintimal injection near needle tip. (D) Diffuse, tubular spasm with nodes of relative 
widening after prolonged manipulation of the artery during needle placement. 
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lic. 2. Stationary arterial waves. (4) Secondary to post-traumatic cerebral edema. (B) Secondary to post- 


operative thrombosis of the middle cerebral artery 


tions which sometimes narrowed the caliber 
of the vessel by as much as 40 per cent. 
These changes affected the middle 2 to 3 
cm. of the cervical internal carotid artery in 
the majority of our cases and were present 
bilaterally in 85 per cent of those in which 
both sides were examined (Fig. 3, Z and B) 
Variations in this typical picture were also 
observed. In 1 case, a short (0.5 cm.) seg- 
ment of the artery was the only portion in- 
volved, reflecting the presence of a single 
mural microaneurysm (Fig. 4.7). In an- 
other case, almost the entire artery was 
affected (Fig. 4B), [t was notable that the 
proximal 2 to 2.5 cm. of the internal carotid 


'. Note clip at site of previous intracranial aneurysm. 


artery was never involved and, although 
changes were present just outside the base 
of the skull in several cases (Fig. 4C), they 
never extended to that portion of the vessel 
within the carotid canal. 

[n 3 of the 16 cases, the changes differed 
from those of typical fibromuscular dvs- 
plasia. One wall of the artery in the in- 
volved segment was unaffected while in the 
opposite wall an elongated, ovoid, some- 
whatlobulated, diverticulum-likeoutpouch- 
ing could be seen (Fig. 5, 7-D). This struc- 
ture was sharply demarcated at either end 
by a beveled, noncircumferential narrow- 
ing which somewhat resembled the local- 


ry Re » 


Fic. 4. Typical fibromuscular dysplasia. (4) With single mural microaneurysm. Patient had unexplained 


subarachnoid hemorrhage. ( B) Typical but extensive 


. Note sparing of proximal 2 cm. of internal carotid ar- 


tery and possible involvement of the external carotid a rtery. (C) Near base of skull. High-grade glioma was 


present intracranially. 
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Fic. 3. Typical appearance of bilateral fibromuscular dysplasia. Involvement is more 
extensive on right side. (4) Right. (B) Left. 





E 


. Atypical fibromuscular dysplasia. (4 and B) Changes are unilateral. One wall of 


uninvolved. (C and D) Changes are somewhat more extensive than those in 4 and B. 


artery appears to be 
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ized constrictions of typical fibromuscular 
dysplasia. Because of this, we have chosen 
to group these cases in a category which we 
call “atypical fibromuscular dysplasia.” 

Aneurysms and Arteriovenous Fistulas. 
Widenings of the vascular channels were 
characteristic of aneurysms and arterio- 
venous fistulas. Only the artery was af- 
fected in the case of an aneurysm, but 
either the artery or vein might be dilated as 
the result of an arteriovenous fistula. Rec- 
ognition of the venous component was es- 
sential to the diagnosis of the latter condi- 
tion. 

The aneurysms had a fusiform shape in 
two of our eight cases. The patient with the 
most severe involvement had changes in the 
common and internal carotid arteries on 
both sides as the result of a longstanding 
untreated syphilitic infection (Fig. 6, Z and 
B). The arterial lumen had an irregular 
ragged outline and a maximal diameter of 
2.2 cm. In the second case only the left 
common carotid artery was involved and 
the outline was similar although the lumen 
never exceeded 1.2 cm. in width (Fig. 6C); 
these changes resulted from extensive ra- 
diation therapy administered to the neck 20 
years previously for a malignancy of the 
tonsil. 

Saccular aneurysms were observed in the 
remaining 6 cases and were readily rec- 
ognizable. The common carotid artery was 
involved in 2 and the internal carotid artery 
in the remaining 4. The lesions resulted 
from infection in 2 cases, developmental 
defects in 2, atherosclerosis in I, and 
trauma in 1. It is possible to guess the 
cause from roentgenographic signs if one 
notes metallic foreign bodies in the tissues 
adjacent to a traumatic aneurysm (Fig. 
74) or a congenital intracranial aneurysm 
associated with a similar aneurysm in the 
neck (Fig. 7B). In most cases, the history 
is more helpful, for example in the mycotic 
aneurysm secondary to a cervical abscess 
(Fig. 7C). 

Arteriovenous fistulas are not difficult to 
recognize if they are depicted on the roent- 
genogram. Often the vascular shunt is so 
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large and the contrast medium is diluted so 
rapidly that subtraction is essential to dem- 
onstrate the lesion (Fig. 8.7). Exposure of 
the film early in or during the injection and 
proper positioning are important because 
the fistula may be proximal to the site of 
needle puncture (Fig. 85) 


DISCUSSION 


For more than a century the uncer- 
tainties associated with the diagnosis of an- 
eurysms and arteriovenous fistulas in the 
neck have been recorded in the surgical 
literature.” In recent years, the widespread 
use of angiography has eliminated most of 
these uncertainties and permitted a more 
rational operative approach. Trauma, 
which has been the cause of virtually all 
arteriovenous fistulas, is also one of three 
major causes of aneurysms. Infection, 
either pyogenic or syphilitic, and athero- 
sclerosis are the other two. Whereas in 
the past, infection was most commonly 1m- 
plicated, in recent years several authors?" 
have indicated that atherosclerosis pre- 
dominates. Infrequent causes of aneurysm 
are radiation changes,’ developmental de- 
fects,! and cystic medial necrosis.! The 
lesion may be either fusiform or saccular in 
shape. Most involve the common carotid 
artery, although some may affect its 
branches. 

Somewhat similar to aneurysms in ap- 
pearance are the multiple, small, saccular 
dilatations found in fibromuscular dys- 
plasia. These have been called mural micro- 
aneurysms and have been proved patho- 
logically to be due to areas of destruction 
and fragmentation of the media alternating 
with rings of hyperplasia of the fibrous and 
muscular elements in the arterial wall. On 
longitudinal section the internal surface ot 
the artery resembles an irregular string of 
beads, the angiographic depiction of which 
is considered to be pathognomonic.** This 
condition was first observed in the renal 
arteries 30 years ago*? and since then has 
been reported with increasing frequency.” 
Young adult women have been most com- 
monly affected. In 1965, Connett and 
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tic. 6. Fusiform aneurysms. (4 and 
B) Syphilitic, involving common, 
internal, and external carotid arte- 
ries. Note ragged appearance of 
arterial lumen. (4) Right. (B) 
Left. (C) Postirradiation aneu- 
rysm of left common carotid 
artery. Changes are also visible 
in subclavian arteries and there 
is occlusion of right common caro- 
tid artery. 
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Fic. 7. (4) Post-traumatic saccular aneurysm of internal carotid artery. Adjacent metallic foreign bodies indi 
cate its cause. (B) Two small saccular aneurysms of internal carotid artery. Developmental origin is sug- 
gested by presence of anterior communicating artery aneurysm intracranially. (C) Large saccular aneu- 
rysm of common carotid artery resulting from postoperative cervical abscess. 


Fic. 8. Post-traumatic arteriovenous fistulas. (4) Between internal carotid 
artery and jugular bulb, visualized by electronic subtraction. Note re- 
flux of medium into sigmoid and lateral dural sinuses. (B) Between com- 
mon carotid artery and jugular vein. Fistula is below point of injection. 
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|l ,ansche! first described involvement of the 
cervical internal carotid artery. Shortly 
thereafter, Palubinskas and colleagues" re- 
ported 3 additional cases and noted the 
coincidental presence of an intracranial 
aneurysm in 1 of these. Although the cause 
of the condition is uncertain, the angio- 
graphic appearance is distinctive in all 
affected arteries, regardless of location, and 
can be easily recognized. 

Another distinctive pattern occurred in 
the presence of stationary arterial waves. 
This phenomenon was first described by 
Theander’ and has subsequently been com- 
mented on by others.?!!—3.16.17 Variable 
lengths or the entire artery is minimally 
narrowed by remarkably. regular, smooth 
corrugations in its wall. These changes al- 


most always occur proximal to a region of 


Although several 
theories concerning the cause of this change 
have been advanced, none is attractive. 
Regardless of this, some aberration in the 
physics of blood flow is undoubtedly re- 


vascular obstruction. 


sponsible. Lehrer's? recent ideas on the sub- 
ject are quite logical and the most accept- 
able to date. 

The cause of circular spastic contractions 
of the carotid artery is usually quite evi- 
dent. These localized or more diffuse spastic 
narrowings of the arterial lumen are due to 
instrumentation and occur at sites of needle 
puncture, at the tip of a catheter, and in the 
region of perivascular and subintimal in- 
Jections. The changes are transient and can 
be modified by vasoactive  drugs.!^!* 
Schechter!® has estimated the incidence at 
about $ per cent. 

[t 1s apparent from our findings that 
certain conditions of the cervical carotid 
artery can be differentiated by their angio- 
graphic patterns. The crux of this differ- 
entiation lies in determining whether the 
lumen of that portion of the artery which is 
affected 1s only widened, only narrowed, or 
both widened and narrowed. 

[f widening is the sole finding, aneurysms 
or arteriovenous fistulas alone need be con- 
sidered. The widenings are easily recogniz- 
able and may appear similar in both condi- 
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tions. Visualization of nearby venous chan- 
nels during the injection of the contrast 
medium into the artery, however, readily 
distinguishes arteriovenous fistulas from 
aneurysms. A problem in the diagnosis 
might occur if the veins are not demon- 
strated (as the result of faulty positioning, 
delayed exposure of the film, or both). The 
observation of less than brilliant arterial 
opacification together with a history of 
penetrating neck trauma may be helpful in 
arriving at the correct diagnosis. 

Although Beall? and Raphael" and their 
associates reported that the common caro- 
tid artery was involved most frequently, 
the majority of our aneurysms were found 
in the internal carotid artery. Since all of 
those authors' cases were treated surgically, 
it seems logical that they would not have 
included inaccessible lesions of the internal 
carotid artery and were therefore dealing 
with a more selected group. 

If narrowing 1s the only change demon- 
strated, then considerations are limited to 
stationary arterial waves and circular spas- 
tic contractions. The differentiation of 
these conditions presents no problem be- 
cause their appearances are not similar in 
any way. The monotonously regular, cor- 
rugated which characterize 
stationary arterial waves are never seen in 
circular spastic contractions. With the 
latter the constrictions are deep and irreg- 
ular or diffuse. 

Fibromuscular dysplasia, in which both 
narrowing and widening are seen, would 
present no diagnostic difficulty if 1t were 
not for those varieties of circular spastic 
contractions which exhibit deep and 
ular constrictions. The first impression is 
that these two conditions look alike; how- 
ever, 1f the widenings exceed the diameter 
of the normal artery, above and below, and 
the proximal 2 cm. of the internal carotid 
artery 1s not involved, then one is swayed 
toward the diagnosis of fibromuscular dys- 
plasia. On the other hand, if the needle or 
catheter tip is present near the involved 
segment, a subintimal or perivascular in- 
jection is evident, or a prolonged manipula- 


narrowings 


Irreg- 
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tion was necessary to cannulate the artery, 
the diagnosis of spasm would be more likely. 

We have noted no specific correlation 
between the presence of fibromuscular dys- 
plasia and intracranial aneurysm as has 
been suggested by some authors.^^ We 
have noted, however, that most of the pa- 
tients with fibromuscular dysplasia were 
women more than 50 years of age. 

We are somewhat uneasy about the 
cases labeled "atypical fibromuscular dys- 
plasia" because there is no histologic proof 
that the changes represent this entity. Re- 
examination in the future may reveal pro- 
gression to the typical angiographic picture 
of fibromuscular dysplasia. On the other 
hand, it is not altogether unreasonable to 
postulate that aneurysms could develop. 


SUMMARY 


A review of more than 5,000 cerebral 
angiograms revealed circular spastic con- 
tractions of the cervical carotid artery in 5 
per cent of the cases. In addition, 28 ex- 
amples of other nonatheromatous irreg- 
ularities and dilatations of that vessel 
were found. Sixteen of these were fibro- 
muscular dysplasia, 8 were aneurysms, 2 
were arteriovenous fistulas, and 2 were 
stationary arterial waves. 

The characteristic angiographic finding 
with circular spastic contractions was nar- 
rowing of the lumen in the midportion of 
the internal carotid artery. The origin of 
this vessel was frequently involved as well. 
Two distinct forms of constriction could be 
recognized: (1) sharply localized and band- 
like in character; and (2) more diffuse and 
tubular. Most often some combination of 
the two forms was present. The changes, in 
most cases, resulted from excessive manip- 
ulation during cannulation of the artery or 
subintimal or perivascular injection. 

Minor narrowing of the arterial lumen, 
which had a monotonously regular, corru- 
gated appearance and affected the midpor- 
tion of the artery, was characteristic of 
stationary arterial waves. Related slowing 
of the intracranial circulation on the ipsilat- 
eral side was present in both cases. 
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Typical cases of fibromuscular dysplasia 
featured alternating zones of widening and 
narrowing of the arterial lumen. Distin- 
guishing features included dilatations which 
were always wider than the normal lumen 
and were separated from one another by 
sharply localized constrictions. The proxi- 
mal 2 to 2.5 cm. of the internal carotid 
artery was never involved. Atypical cases 
of fibromuscular dysplasia had similar 
features except that one wall of the artery 
in the involved segment was unaffected. 

Aneurysms and arteriovenous fistulas al- 
ways showed saccular or fusiform widen- 
ings of the vascular channels. Recognition 
of the venous component in the fistulas dis- 
tinguished the two conditions. 


Section on Roentgenology 
Mayo Clinic 
Rochester, Minnesota 55901 
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THE DIAGNOSTIC VALUE OF 
GASMYELOGRAPHY* 


By SIGURD WENDET? and KARLHEINZ BEER 


BERLIN, GERMANY 


HE value of air contrast studies of the 

spinal subarachnoid space is largely 
dependent upon the roentgenographic tech- 
nique and the experience of the examiner. 
[t demands some skill to visualize the 
relatively weak air contrast in roentgeno- 
grams and to interpret the films correctly. 
In the past, the positive contrast medium 
method with iodized oil was preferred in 
our University; however, there appears to 
be some hazard with the application of 
iodized oil, because of heavy foreign body 
reaction in a considerable number of 
cases. 

The indication for gasmyelography 1s a 
suspected expanding or compressing lesion. 
In using this technique, the localization of 
the tumor or protruding disk is not diffi- 
cult. The cervical and thoracic sections 
can be visualized just as easily as the lum- 
bar region of the spinal subarachnoid space 
(Fig. 1-6). Again, it is necessary to empha- 
size, however, that only tomography en- 
ables one to achieve an optimal demon- 
stration. Interfering projections of the 
surrounding soft tissues and bone struc- 
tures are excluded by this method and the 
roentgenograms obtained give precise in- 
formation. 


ADVANTAGES OF GASMYELOGRAPHY AS COM- 
PARED TO POSITIVE CONTRAST 
MYELOGRAPHY 


1. Gas is less dense than the spinal 
cord. The air-filled subarachnoid space 
presents itself as a translucent band and 
the spinal cord can be delineated as a 
structure of higher density within it. Posi- 
tive contrast material, converselv, de- 
lineates only the borders of the subarach- 


noid space. Positive contrast medium 


Fic. 1. (4 and B) Normal cervical cord. 


illustrating an expanding lesion produces 
a deformity or a complete block of the 
contrast column. The spinal cord may be 
obliterated by the heavy density of the 
positive contrast medium. In this circum- 
stance we would be in favor of gasmyelog- 
raphy, as it will definitely outline the 
spinal cord. 

2. Gasmyelography provides an evalua- 
tion of the exact diameter and also the 
flexibility of the spinal cord in different 
positions during the roentgenographic ex- 
amination. 

3. The most important advantage of 
gasmyelography is the complete absorp- 
tion of air in a relative short time. The 
examination can be repeated as often as 
desired. There is no blurring of the roent- 
genographic image by previous residual 
contrast material. 


TECHNIQUE 


The method of Jirout? proves to be of 
particular value in the visualization of the 
spinal cord of the cervical canal. During 


* From Strahleninstitut/ -Klinik (Direktor: Prof. Dr. H. Oeser), Neuroradiologische Abteilungt and Neurochirurgisch-Neuro- 
logische Klinik der Freien Universitit, Berlin (Direktor: Prof. Dr. A. Stender). 
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lic. 2. (4 and B) Tumor at C, 


cervical gasmyelographv, the patient is 
sitting and the insufllation of air is per- 
formed via a lumbar puncture. The pa- 
tient’s head is kept in an anteflexed 
position. With lateral tomography, the 
anterior and posterior the 
cervical cord and the occipital cervical 
region are clearly outlined. 

The procedure described by Lindgren? 
in 1939 enables demonstration of the 
entire spinal cord at one time. In order to 
examine the cervicothoracic region, the 
cisternal exchange of air is considered to 
be the method of choice. The patient's 
head is kept below the horizontal. The 
delineation of the entire spinal cord is 
possible in. the lateral and frontal views. 
Expanding lesions as well as degenerative 
changes can be localized without difficulty. 
In addition, the diameter of the cord can 
be estimated—an information which has 
to be obtained in order to prove or dis- 
prove syringomyelia or hydromvelia. 

Murtagh ef alf in 1955 introduced still 
another procedure, which requires injec- 
tion of air into the lumbar subarachnoid 
space. The patient is then tilted in different 
positions for visualization of different parts 
of the spinal cord. The advantage of this 


borders of 


method is that lumbar puncture is em- 
ployed exclusively and that only a rela- 
tively small quantity of air has to be 
administered. 

COMPLICATIONS 


During gasmyelography, complications 
are not to be expected if the usual indi- 


iG. 3. (4 and B) Normal thoracic cord. 
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The Diagnostic Value of Gasmyelography 


Vic. 4. (4 and B) Complete block produced by a tumor. 


cations and contraindications for lumbar 
and cisternal punctures are observed. As 
far as immediate reactions are concerned, 
transient rootlet pain in the region of the 
diseased segment has been reported. This 
is true for a herniated disk as well as for 
a tumor. The patient can also experience 


A 


Fic. 5. (4 and B) Protruding 
disk at L,/Ls. 


headache if the injected air has passed into 
the cranial cavity. These side effects may 
be avoided by keeping the patient's head 
below the horizontal (this should also be 
done in returning the patient to his bed). 
'The above described headache, however, 
disappears entirely as soon as all the air 
has been absorbed. 


MATERIAL 

Our series of cases consisted of 
gasmyelographies of which 399 were per- 
formed by the injection of air via the 
lumbar subarachnoid space and 101 by 
the use of cisternal insuffation of air. The 
significance of a protruding disk as an 
indication for the performance of a gas- 
myelography is shown in Figure 7. Fighty- 
five per cent of the patients complained of 
discomfort in the lumbar region (Fig. 8). 

Further analysis of this series shows that 
go per cent of the patients who were 
operated on were diagnosed correctly by 
gasmyelography. This indicates that gas- 
myelography is equal in diagnostic quality 
to positive contrast myelography. Thirty 


Mi see 
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A 


lic. 6. (4 and B) Large protruding disk at L/l 


cases studied by gasmyelography did not 
lead to the correct diagnosis (Fig. 9). 


ANALYSIS OF THE DIAGNOSTIC 


(30 Cases) 


ERRORS 


In 10 cases the protrusion of a disk was 
incorrectly diagnosed as one segment higher 
or one segment lower. Venous plexus simu- 
lated protrusion in 8 cases. Protrusion was 
not revealed by gasmyelography in 8 cases. 
Diagnosed protrusion could not be verified 
during surgery in 4 cases. The fact that the 
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protrusion of a disk one segment above or 
below the true lesion was incorrectly 
diagnosed in 10 cases can be explained by 
the fact that on occasion disks tend to pro- 
trude far into the craniocaudal direction. 
This may lead to the assumption that the 
disk above or below the afflicted segment 
has ruptured. Furthermore, a 
deformity caused by a 


ventral 
sizeable venous 
plexus can simulate a defect of the air 
column. Such an enlarged venous plexus 
can produce symptoms similar to those of 
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a protruded disk. Therefore, a surgical 
intervention is mandatory (8 cases). 

In 8 patients a protruded disk could not 
be demonstrated by gasmyelography, but 
the condition was revealed during surgery. 
It is well known that not all herniations of 
the nucleus pulposus are visualized by the 
myelographic method, and this concerns 
all contrast procedures. One explanation for 
this occurrence is found in the width of the 
subarachnoid space, which can conceal 
small hernias. Another reason for the 
discrepancy between the myelogram and 
the physical findings or the findings at 
surgery is the so-called mobile disk pro- 
trusions.! The latter are apparent only 
in certain positions, mostly in a lordotic 
posture. This difficulty has to be expected 
with all methods of myelography. For this 
reason Dyes! recommended that in such 
cases the examination should be performed 
in a lordotic position. 

In a total ot 16 cases, gasmyelography 
could not be performed or interpreted be- 
cause of technical difficulties. This figure 
equals 3 per cent of the 500 discussed cases. 
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Fic. 7. Classification of $00 cases of gasmyelograph y. 
(a) No pathologic findings. (b) Herniated disk. 
(c) Tumors, inflammatory disease. (d) Evaluation 
not possible. 


The Diagnostic Value of Gasmyelography 


cervical spinal canal ep 5%, 


thoracic spinal canal - 6, S^ 


lumbar spinal canal -85 0°% 


Fic. 8. Location of pathologic lesions. 


The following facts may be responsible for 
these difficulties: 


1, Patients who are very anxious and 
have a tendency to circulatory la- 
bility, may experience a circulatory 
collapse during gasmyelography. This 
dificulty arises during all myelo- 
graphic techniques. In such cases 
general anesthesia may become neces- 

sary. In the routine procedure neither 

sedatives nor an anesthetic have to 
be used. 


286 gasmyelograms (proven at surgery ) 


not in keeping 
with findings 
during surgery 


90°% 
diagnosis 
confirmed during surgery 


l'16. 9. Surgical findings. 
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. The spinal subarachnoid space may 

either lack air-filling completely or 
the filling may be deficient. These 
situations occur in cases where the 
technique of puncture is inadequate 
or the aic gains access to the intra- 
cranial spaces because the patient 
is not kept in the ideal position. 
This difficulty is highly infrequent 
and can be avoided by a well-trained 
team of examiners and technicians. 
In patients who present with a pro- 
nounced scoliosis of the spine, the 
lumbar puncture is rather difficult 
to perform and the roentgenographic 
visualization is poor. In such a case 
it Is almost impossible to obtain 
optimal tomographic results. 
In very obese patients, satisfactory 
delineation of the air-filled lumbar 
subarachnoid space is not always 
achieved. 


The presented series of 500 cases proves 
gasmyelography to be of the same diag- 
nostic quality as positive contrast mye- 
lography. The advantage is that the de- 
leterious side effects are avoided. 

Our personal experience is such that we 
consider gasm velographv to be the method 
of choice for diagnosing intraspinal lesions. 
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Positive contrast media should be used only 
if complete removal of the contrast mate- 
rial from the spinal subarachnoid space is 
guaranteed, or if gasmyelography cannot 
be performed for the reasons described 
above. 


SUMMARY 


The technique and the value of gas- 
myelography in the diagnosis of intra- 
spinal lesions are discussed. 

Our experience has lead us to consider 
gasm velography to be the method of choice 
tor diagnosis of tumors of the spinal cord 
and for protrusions of disks. 


Privat-Dozent Dr. med. Sigurd Wende 
Strahleninstitut/ -Klinik der 

l'reien Universitat Berlin 
—Neuroradiologische Abteilung— 
Berlin 19, Spandauer Damm 130 
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ANTISYPHONING SEALS FOR ANGIOGRAPHIC 
FITTINGS 


By FRED SHIPPS, M.D. 


PORTLAND, OREGON 


HIS brief report presents a simple 

solution to an important common prob- 
lem concerning air leaks through angio- 
graphic fittings. 

Air leaks most often occur because of 
slight imperfections in the tapered metal to 
metal fittings. Because of the syphoning 
principle (Fig. 1), when 2 leaky fittings are 
positioned at different levels, a negative 
pressure develops at the higher fitting. 
Unless the system is under positive pres- 
sure air enters at the elevated fitting. Fluid 
tends to leak from the lower fitting. Be- 
cause of the great difference in the viscosity 
of air and fluids, the air syphoning will be 


great through a fitting that seems not to 
leak fluid. 


PRESSURE 


FLUID 


OUT qe 


Fic. 1. Diagram of the syphoning principle. 


Fic. 2. 


Antisyphoning seal. 


ANTISYPHONING SEALS 


We have discovered a simple method of 
eliminating the air syphoning nuisance or 
hazard. By placing a one-eighth inch seg- 
ment of soft latex tubing over the shank of 


each male fitting as in Figure 2 syphoning 
can be stopped. This seal may be used on 
Luer or Linton male fittings. The tubing is 
just long enough to seal air out. The tubing 
is of a type commonly used on pipettes in 


the clinical laboratory. The antisyphoning 
seal will not prevent a fluid leak. It will 
prevent the more important entry of air 
through the same fitting. 


Good Samaritan Hospital 
Portland, Oregon 97210 
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STEREOANGIOGRAPHY* 
A SIMPLE SYSTEM 


By E. RALPH HEINZ, M.D.1 


ATLANTA, GEORGIA 


JIEREO ROENTGENOGRAPHY has 
— long been accepted as a means of visual- 
izing objects three dimensionally by taking 
individual roentgenograms for each eve, 
then mounting them in such a wav that cor- 
tical fusing of the 2 images occurs. Several 
reports have been made concerning stereo- 
angiography where this three dimensional 
concept of anatomy is extremely helpful in 
seeing. the spacial relationships between 
various vessels.'? This is particularly true 
in the head and in the trunk where there are 
many vessels and sorting out individual 
vessels may be very difficult. Stereoangio- 
graphy 1s easily done where the transit 
time is not so rapid. Thus, a vessel could 
be with the same degree of filing on 


successive roentgenograms so that a true 
stereoscopic presentation is made. The 
cerebral circulation lends itself to this pro- 
cedure very well, even at rates of onlv 2 
hlms per second (Fig. 1). 

[n designing a new angiographic suite, it 
was our thought that it should be maxi- 
mally flexible. The system pictured here 
utilizes 2 roentgen-ray tubes which allow 
biplane simultaneous filming, biplane al- 
ternative filming, stereo single plane, or 
nonstereo single plane filming. A stereo 
coupling cone* is described which takes 
about 30 seconds to remove from the tubes, 
and which can be added in about 3 minutes 


* The cone Was engineered by Mr. A. E. Hardy of Hard: 


Products, 1679 Lawrenceville Highway, Decatur, Georgia 30033. 


m i 


hic. 1. Stereoangiograms. A 1 year old infant with porencephaly diagnosed by angiography. Note the spread- 


ing of superficial displacement of the suprasylvian vessels posteriorly as they stretch over the porencephalic 


area. There were associated abnormalities of the ventricular veins also seen in the stereoscopic view in 


the venous phase. 


* From the Department of Radiology, Emory University School of Medicine, Atlanta, Georgia. 
T Associate Professor of Radiology. Present Address: Department of Radiology, Yale University Hospital, New Haven, Connecticut. 
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Stereoangiography 


F1G. 2. Stereo cone in place. Note that little alteration of the standard roentgen-ray tubes need be made. 
Diaphragms for shaping the field may be inserted in the slot at the end of the cone. The tubes are oriented 
for anteroposterior stereoscopy in the photograph. They may be used for horizontal-ray filming as well. 


after bringing both tubes together (Fig. 2; 
3; and 4). 


DISCUSSION 


Cerebral arteriography is routinely done 
stereoscopically (Fig. 1). This allows the 
further advantage of using smaller focal 
spot tubes and splitting the heat load be- 
tween the 2 tubes. We are currently using 
primarily the 1.2 mm. focal spot and a 
kilovoltage range of 65-80 for routine 
carotid arteriography. Other uses include 
renal arteriography, selective visceral ar- 
teriography, and aortography. Stereo adds 
very little information in aortography. 

Stereoangiography enables one to visual- 
ize a tangled collection of blood vessels in 


Fic. 3. Close-up of stereo cone. A base plate (sepa- 
rate from the cone) is fixed to the tube window as a 
semipermanent mount. Then the stereo cone is 
attached by inserting two thumb screws into the 
base plate on this tube. The shorter part of the 
cone seats with a “bayonet lock" just as the stan- 
dard collimator is seated. Note the electrical wire 
which leads to a centering light. 


three dimensions within a second or two. 
Identification of individual vessels 
comes easy, while identification with simul- 


be- 
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l'16G. 4. Schematic view of the stereo cone. Note the 
central rays of the tubes make an angle of 3? 22, 
Grids must be oriented properly for use with the 
stereo apparatus. 


taneous biplane systems still requires 
significant time, and even then is not al- 
ways secure. Single plane systems without 
stereo make identification even more diff- 
cult. Abrupt turns in vessels thought pos- 
sibly to be aneurysms are quickly and more 
eficiently evaluated with a stereo system. 
Lastly, stereoangiography may be achieved 
with no loss of resolution as contrasted 
with biplane simultaneous filming. 


CONCLUSION 


A stereoscopic device for angiography is 
described. 
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Stereoangiography may be done at rates 
of up to 6 seconds. 

With the system described, simultaneous 
biplane angiography, alternate biplane 
angiography, and stereo single plane anglo- 
graphy can be performed. 

In addition, the stereo cone may be 
readily removed in 3o seconds and non- 
stereo single plane work may be done in 
routine fashion without delay. 


Department of Radiology 
Yale University Hospital 
New Haven, Connecticut 06510 


The author wishes to acknowledge the 
considerable technical assistance of Mr. 
Larry Farrarhar, & H X-ray Co., Atlanta, 
Georgia. 
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TEFLON-COATED SAFETY GUIDES" 
AN ADJUNCT TO THE USE OF POLYURETHANE CATHETERS 


By MELVIN P. JUDKINS, M.D., VINCENT C. HINCK, M.D., and 
CHARLES T. DOTTER, M.D. 


PORTLAND, OREGON 


ESPITE outstanding advantages, an 

inherent tendency of polyurethane 
catheters to cling tenaciously to conven- 
tional guidesprings has discouraged many 
angiographers. Patient safety and the path- 
finding purposes of sophisticated selective 
arterial catheterization are well served by 
the inherent softness and elasticity of 
polyurethane as a catheter material. Being 
a low-temperature thermosetting plastic, 
it is readily and economically fabricated 
into radiopaque catheters with desired 
tip configurations, which can be modified 
to suit procedural circumstances. The 
usual, basically unsatisfactory, design 
compromises between elasticity and soft- 
ness on one hand and maneuverability, 
especially torque control, on the other, is 
readily avoided by the use of braided shaft 
reinforcement.?* 


* Cordis Corporation, 125 N.E. goth St., Miami, Fla., 33137- 
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The use of relatively smaller guidesprings 
aggravates rather than relieves the prob- 
lem. Mylart introduction sheaths add to 
the already burdensome mechanical prob- 


« 
. 


lems, make larger holes in arteries and, in 
our experience, impair catheter manipula- 
tion. For catheters with moderate tip 
curvatures, we have found that such prob- 
lems can be met through the use of 0.038 
inch flexible tip safety guides.’ A closer fit 
to the catheter lumen and greater rigidity 
appear to explain its easier withdrawal 
from polyurethane catheters. For the most 
part, the excellent controllability, tip 
elasticity and memory of these catheters 
are such that guides are needed only for 
their introduction. 

In our laboratory and others, however, 
newly developed techniques require cathe- 
ters with exaggerated curvatures for selec- 


t Du Pont trade name for one of the polyester films. 


F Gig! H i J 


Fic. 1. Preshaped braided shaft polyurethane catheters used at the University of Oregon Medical School. 
(A and B) Subselective visceral catheters. (C and D) Left atrial catheters. (E) Ventriculography and 
“mainstream” injection (pigtail) catheter. (F and G) Left and right selective coronary arteriography 
catheters. (H, J and Y) Percutaneous femoral selective cerebral catheters. 


* From the Stella and Charles Guttman Institute for Vascular Research through Radiology, University of Oregon Medical School, 


Portland, Oregon. 


Supported in part by U.S.P.H.S. Grants HE 03275 and HE 06336. 
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tive coronary, cardiac,’ femorocerebral,? 
and small-branch visceral catheterization.’ 
We have met the attendant increased need 
for guide maneuverability by means of a 
thin, teflon coating on the guide.t So 
treated, safety guides of normal or J con- 
figuration!? can be inserted and withdrawn 
with ease. Such effortless guide handling 
greatly lowers the risk of guide damage or 
loss, and shortens procedure time. The 
teflon coating also minimizes clotting and 
fibrination in the guide interstices. 


SUMMARY 


Teflon-coated safety guides have solved 
the problem of guidespring-catheter ad- 
herence in otherwise ideal polvurethane 
catheters. We stronglv urge others to learn 
for themselves the advantages of this no- 
compromise approach to safety and sophis- 
tication in selective vascular catheteriza- 
tion. 


f Safety and safety J-guides, Teflon-coated safety and safety 


J-guides are products of Cook, Inc., Bloomington, Indiana. 


Hinck and Charles T. Dotter 


Melvin P. Judkins, Vincent C. 


SEPTEMBER, 1968 


Melvin P. Judkins, M.D. 
Department of Radiology 
University of Oregon Medical School 


3181 5, W. Sam Jackson Park Road 


Portland, Oregon 97201 
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AN INTEGRATED SYSTEM FOR ANGIO- 
GRAPHIC PROCEDURES* 


By FRED C. SHIPPS, M.D. 


PORTLAND, OREGON 


"p s purpose of the author was to de- 
vise a system whereby a more elabo- 
rate angiographic set-up could be operated 
with greater accuracy, speed and ease. It 
is hoped that from this effort a single "set- 
up" for various angiographers may evolve 
and simplify departmental work. Figure 1 
illustrates the assembled system ready for 
use in any type of angiographic procedure. 
Since it is a sterile closed system, it may be 
sterilized once for a series of consecutive 
cases. The various components will be in- 
dividually described. For optimal efficiency 
of the system we have not overlooked the 
requirement of a well trained medical as- 
sistant (Fig. 1). 


DESCRIPTION OF COMPONENTS 
CATHETERIZATION GUN 


Figure 1 shows the nurse holding the 
catheterization gun. A close-up view (Fig. 
2) demonstrates its present features. Al- 
though previously described’, its value to 
the present system should be reviewed. 
The gun consists of a swivel for catheter 
rotation, a hermetically sealed switch, and 
a cord that plugs into the front of the in- 
jector. During fluoroscopic procedures the 
physician controls all injections through 
an isolated 6 volt D.C. circuit for optimal 
electrical safety. Behind the gun we insert 
a side-line valve for back bleeding. 

The catheterization gun was originally 
designed for those procedures termed “‘se- 
lective" angiography. Angiographers who 
formerly used overhead tube techniques 
exclusively are finding that the gun, always 
a part of the integrated system, encourages 
preliminary tests of catheter placement and 
blood flow velocity. Unexpected variations 
can be discovered in seconds by using the 


gun and fluoroscope, often saving time in 
the roentgenographic phase. 


MANIFOLD 

The “Stick Shift" manifold (Fig. 3 and 
4) offers a rapid method of correctly shift- 
ing rather complex fluid functions. This ts 
accomplished by moving lever (L) (Fig. 3) 
to the desired position. The indexed posi- 
tions of each function can be rapidly mem- 
orized and the actuator operated by touch 
alone in a darkened room. It can be oper- 
ated most efficiently by an assistant upon 
verbal orders from the physician. To a- 
chieve a given function, the necessary 
valves are simultaneously opened and 


closed. In fact, all personnel in the room 
soon recognize that the lever is (or is not) in 
the proper position for the appropriate 


operation. The various functions and the 
reasons for their existence are as follows: 


FUNCTIONS 
Various Operations. 


Inject. In this position the injector is 
connected to the needle or catheter. 
Fither the physician with the gun or the 
x-ray technician must actuate the in- 
jector. An electrical lockout prevents in- 
jector operation if the lever is in any 
other position. 

Pressure. This position connects a 
pressure transducer to the needle or the 
catheter. A quick glance at the pressure 
before each injection will eliminate the 
risk of extravasation. A dampened pulse 
tells us that the catheter tip is not free. 
It is either plugging a small vessel, is ex- 
traluminal or is occluded for some other 
reason. There are other obvious medical 
advantages in observing blood pressure. 


* From the Department of Radiology, Good Samaritan Hospital and Medical Center, Portland, Oregon. 
I Sy, I , , g 
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l'1G. I. Assembled system. 


Saline. This position allows a slow 
pressurized flow of saline to flush the 
catheter or needle. The purpose is clot 
prevention during procedural delays such 
as film processing. It should be the most 
frequently used position. 

Load. When the lever is moved to this 
position, contrast medium flows from a 
pressurized supplv bottle to the injector 
syringe without the need of opening tube 
fittings. This is faster than forcing air 
bubbles out of the system each time a 
syringe 1s to be reloaded. 

Off. All systems or valves are closed. 

Saline to Transducer. This position is 
used during the initial set-up. In this 
position and with the "CATH" port 
occluded, saline flushes the transducer. 

Set-up. This position is used to sepa- 
rate the valve assembly from the actua- 
tor for cleaning, and during the phase of 
initial purging of air. 


Valve Assembly. Figure 4 shows the valve 
assembly side of the "stick shift" manifold. Fic. 2. Catheterization gun. 
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Each tubing connection is engraved for 
proper identification. The assembly is 
mounted in a vertical postion for natural 
ease in flushing air from it. The injection 
passages are 0.106 inch in diameter, less 
restrictive than commonly encountered 
valves. The valves are rated to 800 pounds 
per square inch hydraulic pressure. 

Figure 5 shows a valve assembly released 
from the actuator and completely dis- 
assembled for cleaning. The interchange- 
able pins Just slip into position. 

With the actuator lever (L) (Fig. 3) in 
the set-up position, the valve assembly 1s 
attached to the actuator by the draw bar 
(D) (Fig. 3). The whole unit is then packed 
for sterilization. Steam may be used; gas 
will extend the life of the seals. 


Setting up for Operation. A special clamp 
allows the complete unit to be mounted on 
the injector under sterile conditions (M) 


MEDICAL | 
"PORT 


Fic. 3. Top view of “Stick Shift" manifold. L= ac- 
tuator level; D=draw bar; M —special clamp al- 
lowing the complete unit to be mounted on the 
injector under sterile conditions. 


Integrated System for Angiographic Procedures 


ic. 4. Side view of "Stick Shift" manifold. 


(Fig. 3). The permanent upright position 
helps purge air from the system. 


Positive Pressure Fluid Movement. The 
possibility of air embolism is a great con- 
cern to all of us; consequently, considerable 
time during angiography is spent making 
certain that any system is completely 
purged. This system was designed with the 


lic. 5. Disassembled manifold. 
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. 6. Ampule unloader. 


idea of purging only once during a pro- 


cedure. 

Another factor that cannot be accepted 
in the safe utilization of this or any other 
apparatus 1s the use of suction (aspirating 
with a syringe!) without careful resurveil- 
lance for air bubbles. All metal to metal 
httings tend to leak. Thev will allow air in 
readily where fluid leaks are not detectable; 
consequentlv, it should be stressed that 
the fluid should be moved only by positive 
pressure after this system is set up. 


AMPULE UNLOADER 


A function of the ampule unloader is 
to facilitate the transfer of sterile angio- 
graphic contrast agents from glass ampules 
(either 20 cc., 25 cc. or 30 cc.) into a reser- 
voir. The actual transfer time can be as 
little as 10 seconds per ampule. 

The ampule unloader has several impor- 
tant functions. The reservoir provides an 
immediate source of contrast agent to fill 
the injector syringe. Tubing connections 
are not opened avoiding concern about air 
bubbles. By not opening the tubing system 
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there is less chance of bacterial and lint 
contamination. The pressure generate 
above the fluid in the reservoir actually 
moves the fluids through the tubes and 
metal fittings. This is a decidedly safer 
practice than using suction, since it avoids 
the hazard of sucking air through an un- 
detected leaky fitting. 

The reservoir is also economical. The 
hnal total dose of contrast material used 
during a particular angiographic procedure 
is quite unpredictable. With the ampule 
unloader 1 or 2 more ampules can be added 
in seconds; conversely, if a sizeable quan- 
tity of drug has been left over at the end of 
one case it may be used for the next. The 
unit may be operated by ungloved assis- 
tants as 1f 1t were an intravenous set. 

The ampule unloader (Fig. 6) operates 
on the principle of displacing the fluid from 
the ampule by externally applied pressure. 
The ampule is placed in a sealed lower 
chamber. Pressure applied at the bulb 
quickly displaces the contrast material into 
the bottle and then generates and main- 
tains pressure above the fluid. The fluid is 
moved with sufficient force to fill the in- 


Jector syringe and automatically displace 


the piston of the air cvlinder backwards. 
This does not occur until the outlet valve 
is opened. 

The bottle or reservoir is an Abbott in- 
travenous solution bottle (preferably 250 
cc.). The unit is best gas sterilized unas- 
sembled and with the valve open. If auto- 
claved the rubber bulb should be removed. 

The empty 250 cc. Abbott bottle is 
gently screwed into the top of the unloader. 
The unloader is mounted vertically on the 
intravenous stand. The ampule neck is 
wiped with alcohol, placed in the cup, and 
the top broken. The bale is moved aside 
and the ampule and cup carefully slid over 
the lower tube. The cup seals the ampule 
chamber and the bale locks the cup in 
place. Two compressions on the pressure 
bulb move the fluid into the reservoir and 
creates pressure for fluid displacement into 
the injector syringe when the outlet valve 
Is opened. A few drops of indigo carmine 
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added to one ampule is an added conve- 
nience in differentiating contrast agent trom 
saline in the transparent tubes. 


INTRA-ARTERIAL SALINE CONTROLLER 


This unit (Fig. 7) was developed to re- 
place the standard intravenous set as a 
source of saline solution during arteriog- 
raphy. For those wishing to perfuse cathe- 
ters with saline, a pressurized intravenous 
set or hand syringe were the only choices. 
This intra-arterial saline controller (or I.A. 
set) was designed to overcome certain 
shortcomings in the intravenous sets. Since 
intravenous sets were not designed for the 
higher pressures required to move fluids 
intra-arterially, it is not surprising to find 
that they will not sustain pressures of 200- 
300 mm. Hg that are needed. The throw 
away type pressure bulbs leak down in 
pressure very rapidly. A better quality 
source of pressure 1s needed or the system 
becomes a nuisance. 

Another major shortcoming in the use 
of the intravenous set is that when re- 
peatedly pressurized the fluid flow com- 
partment floods and the rate of flow be- 
comes unknown. Standard intravenous set 
tubings are much too long. 

With the outflow valve closed pressure 
is applied by compressing the bulb. Fluid 
flows into the upper chamber. By decom- 
pressing the air flow control, a little air 
moves back into the lower chamber, :.e., 
the intravenous bottle. The fluid level in 
the upper lucite chamber is adjusted to the 
mid point under pressure. From here on 
the fluid level in the upper chamber re- 
mains constant. As fluid is released into the 
arterial system by the outflow valve, the 
drop rate is observable (20 drops = 1.0 cc.). 
At a differential pressure of 200 mm. Hg 
an initial drop rate of 30/min. will reduce 
to only 15 drops/min. in 13 minutes. The 
outflow valve then needs readjustment. 

When the differential pressure drops to 
zero the flow stops; therefore, the only 
danger of air going through the system is 
if the fluid level in the bottle drops beneath 
the lower end of the central tube. A new 


Integrated System for Angiographic Procedures 


Fic. 7. I.A. (intra-arterial) set. 


bottle of saline should be replaced when 
the 1 level is reached. 

Because of the lucite tube section this 
unit must be gas sterilized. The upper 
chamber may be disassembled for cleaning 
by unscrewing the cap. 


SUMMARY 


The project of “an integrated system for 
angiographic procedures" evolved out of a 
desire to see a group of angiographic safety 
practices become more widely accepted. 

The safety features to be considered are 
discussed along with a description of the 
apparatus. 

Department of Radiology 
Good Samaritan Hospital and Medical Center 


101s N. W. Twenty-second Avenue 
Portland, Oregon 97210 
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THE AVAILABILITY OF NEURORADIOLOGY 


FEW months ago a young man who 

was about to finish his residency in 
orthopedic surgery asked if he could ob- 
serve while the neuroradiologist was per- 
forming a myelographic examination. He 
was, of course, cordially invited to do so, 
and as he entered he commented that be- 
cause he was about to go out into the pri- 
vate practice of orthopedics, he would have 
to produce his own myelograms. Therefore, 
he wanted to see how a myelogram was 
made so that he might learn how to carry 
out the procedure. He explained that he 
thought that, in all probability, there 
would not be a radiologist in his locality 
competent to do such an examination, al- 
though the western city in which he 
planned to practice was well known and 
was of moderate size. Now, it 1s doubtless 
true that many orthopedic surgeons also 
are competent myelographers, but it 1s 
also true that they probably did not be- 
come so after observing one procedure. 

Similar opinions often are expressed by 
voung neurosurgeons about to practice in 
regions other than those in which they 
have been trained. Frequently the remark 
is heard that it is all very well for neuro- 
radiology to be done by the neuroradiolo- 
gist in the large training centers, but that 
the radiologist in other localities conceiv- 
ably will not be of much assistance. This 
is probably not a true estimate of the situa- 
tion and those in the profession of radiology 
should make it clear that 1t 1s in the pa- 
tient's best interest to obtain competent 
radiologic consultation during these pro- 
cedures. 

Assuredly, young specialists in other 
fields ought to become aware of the op- 
portunities to secure competent radiologic 
consultation once they have left their 
residency training program. Usually, in the 
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course of such programs, they have been 
associated with radiologists skilled in the 
special techniques pertinent to their chosen 
subspecialties, but for some strange reason 
they seem to believe that such support will 
be unavailable to them once they have set 
up their own practice. 

Radiologists have at least two responsi- 
bilities in this regard. One is to correct the 
misapprehension in the minds of resident 
physicians (and their teachers) that ade- 
quate radiologic consultation will not be 
available to them in private practice, and 
the other—and more significant—is to 
make certain that competent consultative 
services in radiologic subspecialties will be 
available in departments of radiology 
whenever needed. 

It is particularly necessary that most 
radiologic services have members capable 
of performing neuroradiologic procedures 
for neurologists, neurosurgeons, orthopedic 
surgeons, ophthalmologists, otolaryngolo- 
gists and other specialists. It is true that a 
large neurologic practice usually is re- 
quired if one is to become familiar with the 
many variations of different types of brain 
tumors which do not represent the major- 
itv of cases, and usually there is time for 
adequate consultation and reflection on 
these problems. Nevertheless, every com- 
munity has victims of trauma or other 
catastrophic events such as intracranial 
bleeding, and these patients do require the 
proper diagnostic application of neuro- 
radiologic techniques. 

An ability to interpret the evidence con- 
tained in the roentgenogram is not sufh- 
cient, although such may be the only phase 
of radiology considered by other specialists. 
Actually, the factor of safety and the ulti- 
mate beneficial management of the patient 
depend upon correct examination con 
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ducted by the best possible technique. The 
evidence must be captured on the screen 
or in the film before it can be translated 
into pathologic significance, even by the 
most competent of diagnostic readers, and 
no amount of intrusion of clinical bias can 
compensate for poor technique. A radio- 
logic diagnosis, unlike beauty, should not 
be in the eve of the beholder. 

How are we to acquire and maintain the 
skills necessary to provide such service? 
One of the best ways is to make timely use 
of the many excellent Refresher Courses in 


neuroradiology which are offered each 


year by many of the leading neuroradiology 
services in this country. Even those most 
experienced in this field gain much by such 
frequent reviews, and any conscientious 
general radiologist should become even 


more valuable to his colleagues in neuro- 
logic fields after he has taken full advan- 
tage of review courses in his field. It is in- 
teresting to observe that frequently more 
than 40 per cent of the registrants at such 
courses are physicians other than radiolo- 
gists. They are, of course, welcome par- 
ticipants, but it would seem desirable for 
radiologists to constitute a far larger per- 
centage of registrants if it is true, as 
suggested above, that other specialists 
currently are forced to rely on their own 
incomplete or imperfect knowledge of neu- 
roradiology because radiologists cannot or 
do not offer these services. 

In many localities these specialized. ex- 
aminations are best undertaken in the form 
of a combined effort by the radiologist and 
the neurosurgeon. No doubt, in some cases, 
economic considerations do play a part in 
curtailing such joint efforts, although hope- 
fully most physicians would deplore such a 
situation. It seems obvious that these ex- 
aminations ought to generate true consul- 
tations and not serve merely as technical 
exercises for one or both of the specialists 
involved. 

Almost any of the emergency specialized 
procedures can be performed adequately 
in any moderately well-equipped and 
managed radiology department. It is not 
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necessary to have the most expensive and 
complicated equipment to produce a satis- 
factory pneumoencephalogram, myelo- 
gram or cerebral angiogram, although 
specialized apparatus is extremely valuable 
in a busy neuroradiologic practice and in- 
deed 1s vital for a few of the more critical 
procedures in which estimates of dynamic 
physiologic events are necessary for diagno- 
sis. Still, in most instances in which trau- 
matic or emergency factors are involved, a 
little applied radiologic ingenuity usually 
will solve the problem satisfactorily and 
will obviate the need to transfer the patient 
to some remote center. Neuroradiologv IS 
not a specialty dependent upon gadgets 
and it should not be one that is kept 
shrouded in mystery. Rather, it depends 
upon the application of sound diagnostic 
radiologic and physical principles to exam- 
ination of specific portions of the anatomy. 
The important details of this radiologic 
anatomy are not difficult to acquire. 

An adequate examination, once the 
proper choice has been made, depends upon 
proficiency in operative and 
techniques. Because the operative portion 
as a rule is confined to insertion of a needle 
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into a blood vessel or subarachnoid space 
under aseptic conditions, this step in the 
procedure can be left to the physician most 
skilled in this maneuver and the one who 
has the time available. With a little prac- 
tice almost any physician can acquire the 
facility for correct placement of the needle. 
The radiologic details, however, probably 
are best managed by the radiologist. It is 
necessary not only to ensure that the con- 
trast medium is positioned so that it will 
actually permit examination of the region 
in question, but also to achieve proper geo- 
metric positioning of the patient and proper 
selection and application of factors of tech- 
nique which will assure optimal rendition 
of anatomic details. The proper choice of 
screens, films, grids, processing techniques 
and the like contributes importantly to 
the success of the procedure. Generally, 
the radiologist is far more critical of the 
details just mentioned than are other asso- 
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ciated consultants. The radiologist also 1s 
in a favorable position to devise alternative 
techniques if the situation so requires be- 
cause of his general knowledge of the 
other phases of radiology. Moreover, he 1s 
responsible for the protection of all persons 
involved, so far as ionizing radiations are 
concerned. 

There seems to be little question that 
any physician can understand his patient’s 
problem better if he can interpret correctly 
the relevant results of the radiologic exam- 
ination. This point should be, and probably 
is, the reason for the emphasis on diagnos- 
tic roentgenology sometimes required by 
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nonradiologic certifying specialty boards. 
Candidates for certification in these spe- 
cialties, however, should not be given the 
impression during their training period 
that qualified general and special diagnostic 
roentgenologic consultation. will not be 
useful or convenient to them, and it is the 
responsibility of members of the radiologic 
profession to see that such technical com- 
petence and counsel are available. 


Coin B. Horman, M.D. 


Mayo Clinic and Mayo Foundation 
Section of Diagnostic Roentgenology 
Rochester, Minnesota 55901 


THE AMERICAN JOURNAL or ROENTGENOLOGY, RADIUM 
THERAPY AND NucLEAR MEeEpICINE announces with 


deep regret the death, after a long illness, of Charles C 
Thomas on Tuesday, August 13, 1968 in Springfield. 
Illinois. 
Mr. Charles C Thomas for nearly 4 decades, since Jan- 
uary 1, 1930, was the distinguished Publisher of this 
JounNAL, the official organ of The American Roentgen 
Ray Society and The American Radium Society. 











SEPTEMBER, 1968 











SOUTHERN MEDICAL ASSOCIATION 
Section on Radiology 


The Section on Radiology will meet dur- 
ing the 62nd Annual Meeting of the South- 
ern Medical Association to be held in New 
Orleans, Louisiana, November 18th and 
19th, at the Roosevelt Hotel. 

The Guest Speaker for the meeting will 
be Dr. J. Scott Dunbar, from the Montreal 
Children's Hospital, Montreal, Canada. 

Dr. H. L. Baker, Jr., from the Mayo 
Clinic and Dr. Charles H. Helman from 
Indiana University Medical Center, will 
each present two refresher courses dur- 
ing the meeting. 

The officers of the Section on Radio- 
logy are: W. H. Neil, M.D., Fort Worth, 
Texas, Chairman; M. Pinson Neal, Jr., 
M.D., Richmond, Virginia, Chairman-Elect; 
Andrew F. Giesen, Jr., M.D., Fort Walton 


Beach, Florida, Vice-Chairman; and Phillip 
W. Voltz, Jr., M.D., 120 Medical Pro- 
fessional Building, San Antonio, Texas 
79212, Secretary. 


THE AMERICAN INSTITUTE 
OF RADIOLOGY (AIR) 

The American Institute of Radiology 
traces its origin to 1958 when a group of 
men who entered radiology in its earliest 
years gathered at a meeting of the Radio- 
logical Society of North America. All had 
begun their careers as radiologists before 
the invention of the now standard hot 
cathode or Coolidge tube, so they called 
themselves the “Gas Tube Gang" after 
the cranky tubes of those early days. They 
discussed the growth of their specialty, 
such as the studies of Roentgen, Lenard, 
Caldwell, Cole, Pfahler and Hickey, and 
decided to memorialize their heritage by 
creating a permanent collection of x-ray 
paraphernalia, books and papers. 

From the “Gas Tube Gang" emerged the 


National Council for Radiological Heritage 
and this organization, in turn, merged in 
1963 with the American College of Ra- 
diology Foundation. The Council made a 
temporary arrangement with the George 
Eastman House, a photographic museum 
in Rochester, New York. The Eastman 
House optioned its radiologic collection to 
the Institute, and agreed to provide cer- 
tain operational facilities, as well as the 
advice and skills of its professional staff. 

Since 1958, the simple objectives of the 
"Gas Tube Gang" have grown into what 
Is now a comprehensive project that en- 
compasses a museum, archives and library. 
The basic goal, however, remains the same: 
to preserve the rich heritage of radiology 
for future generations, and at the same 
time, to honor the pioneers of the specialty. 

Because the art of radiology overlaps 
into physics, technology, and engineering— 
as well as medicine—its many contributors 
include not only radiologists, but also 
physicists, technicians, engineers and just 
plain tinkerers. 

A campaign was launched in 1964 for 
objects and memorabilia to exhibit in the 
museum, as well as for materials worthy of 
being kept in the archives. The response 
was excellent. Contributors from through- 
out the United States and abroad donated 
almost 3,000 items, ranging from a mam- 
moth static machine to a commemorative 
postage stamp. The AIR is intended to be 
a continuous, constantly growing, center 
of radiologic history. 

To better help itself during its formative 
period, the American Institute of Radiol- 
ogy has become a member of the American 
Association of Museums. The AIR will 
establish liaison, at a later date, with the 
National Medical Library and the Medical 
Library Association. These relationships 
will furnish a cross flow of literary sources. 
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The Museum will be ready for the grand 
opening on December 2, 1968, adjacent to 
the recently expanded offices of The Amer- 
ican College of Radiology, 20 North 
Wacker Drive, Chicago, Illinois 60606. It 
has been designed not as a static repository 
of antique x-ray equipment, but as a func- 
tioning center for collecting, evaluating and 
using historical materials, as well as a 
library, archives, audiovisual center and 
exhibit area. 

Because it serves the medical commu- 
nity and its allied disciplines by preserving 
a heritage and a history, the American In- 
stitute of Radiology merits our support 
and contributions. 

Financial support of the AIR can be 
made in either of two ways—annually or 
with a permanent subscription. The sched- 
ule is: 


Annual Subscription 


Member 

Sustaining member. ............ wi 
Contributing member 

Commercial member 


Permanent Subscription 


Life member 
Benefactor 


Founder 6,000.00 


Contributions, which are tax deductible, 
should be made out to The American Col- 
lege of Radiology Foundation. They should 
be sent to: The American College of 
Radiology Foundation, 20 North Wacker 
Drive, Chicago, Illinois 60606. 

The American Institute of Radiology 1s 
continually seeking objects and docu- 
ments to add to its collection. To make a 
donation, please write: Curator, American 
Institute of Radiology, goo East Avenue, 
Rochester, N. Y. 14607. 


News Items 


ANNUAL MEETING OF THE EUROPEAN 
SOCIETY OF PEDIATRIC 
RADIOLOGY 


The Sixth Annual Meeting of the Euro- 
pean Society of Pediatric Radiology will 
be held in Warsaw (Poland), May 22-24, 
1969. 

More detailed information (place of 
meeting, lectures and communications, 
congress fees, hotel reservation) will be 
given later. 

The general topic for the Warsaw Meet- 
ing is "The Radiodiagnosis of the Neo- 
plasms in Children." This will be probably 
followed by a round-table discussion on 
“The Problems of Bone Dvsplasias." 

For further information please write to 
Dr. Ksawery Rowinski, Zaklad Radiologi 
Pediatrycznej, Akademii Medycznej, Mars- 
zalkowska 24, Warszawa, Poland. 


A CONFERENCE ON NUCLEAR MEDICINE 
University of Colorado Medical Center 


A “Conference on Nuclear Medicine" 
will be held October 16 and 17, 1968 at the 
University of Colorado Medical Center in 
Denver. 

The conference is sponsored by the Uni- 
versity of Colorado Medical Center, the 
Rocky Mountain Chapter of the American 
Society of Nuclear Medicine, and the 
Rocky Mountain Chapter of the Health 
Physics Society. 

A distinguished Faculty of guest speakers 
and local authorities will discuss important 
topics of timely interest. 

For further information and application 
forms please contact William R. Hendee, 
Ph.D., Department of Radiology, Box 111, 
University of Colorado Medical Center, 
4200 East Ninth Street, Denver, Colorado 
80220. 
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HopckiN's Disease. Edited by David W. Mo- 
lander, M.D., F.A.C.P., Assistant Attending 
Physician, Memorial Hospital for Cancer and 
Allied Diseases; Attending Physician, Pack 
Medical Group; Clinical Assistant Professor 
of Medicine, Cornell University Medical 
College, New York, N. Y.; and George T. 
Pack, M.D., Lr.D. (Hon.), F.A.C.S., Direc 
tor, Pack Medical Foundation; Attending 
surgeon Emeritus, Memorial Hospital for 
Cancer and Allied Diseases; Clinical Pro- 
fessor of Surgery, New York Medical Col- 
lege, New York, N. Y. Cloth. Pp. 212, with 
many illustrations. Price, $15.00. Charles C 
Thomas, Publisher, 301—327 East Lawrence 
Avenue, Springfield, Ill. 62703, 1968. 

This slender volume consists of 6 chapters 
each written by different contributors on as- 
pects of Hodgkin's disease of particular in- 
terest to each author. These aspects are: (1) 
Etiology and Pathogenesis (L. F. Craver); 
(2) Pathologic Anatomy (G. K. Higgins); 
(3) Immunologic Considerations (A. C. Aisen- 
berg); (4) Radiotherapy (V. Peters); (5) 
Radioactive Isotope Treatment (I. M. Ariel); 
and (6) Review of Treatment and Results in 
316 patients (D. W. Molander and G. T. Pack). 

In Etiology and Pathogenesis the author re- 
views past and current concepts in some detail 
and not surprisingly concludes that the true 
nature of Hodgkin’s disease and its mode of 
spread are still in the realm of speculation. 

In Chapter 2 Higgins provides a lucid and 
informative exposition of contemporary thought 
on the histopathologic classification based on 
Lukes’ work and the modifications suggested 
by the committee appointed by the Interna- 
tional Symposium on Hodgkin’s Disease (Rye, 
New York, September 1965). In addition he 
presents a comprehensive review of the gross 
and microscopic features of the disease as it 
occurs in the various tissues and systems of the 
body. 

An equally clear dissertation is found in the 
chapter on immunologic considerations de- 
scribing the immunologic deficiency of Hodg- 
kin's disease (anergy) which may underlie the 
frequent infectious complications. The dis- 


cussion includes the status of antibody forma- 
tion (which apparently is largely intact), the 
homograft reaction, the possible impairment of 
lymphocyte function, the variety of infectious 
complications (bacterial infections being the 
most common), the progression of the im- 
munologic defect during the course of the dis- 
ease and the similarity but not identity of 
graft-versus-host reactions. 

The last 3 chapters deal with treatment and 
the emphasis is overwhelmingly on radiother- 
apy. Chemotherapy is presented in a limited 
fashion. Each author expresses the prevalent 
current viewpoint that the prognostic outlook 
should be much more optimistic than in the 
past and this optimism is to be realized by 
aggressive radiotherapy. Molander and Pack 
(Chapter 6) still favor lymph node dissection 
followed by radiotherapy in unifocal lymph 
node involvement but find this indication un- 
common (12 out of 316 patients). Except for 
gastrointestinal involvement and other un- 
common sites, surgery has a negligible role. 

Chapter 5 on radioactive isotope therapy, 
the most limited in scope of the 6 chapters, 
details techniques and indications (and de- 
scribes some of the responses) for intravenous, 
intracavitary and interstitial (using yttrium 
9o microspheres) administration as well as 
attempts at treatment by the intralymphatic 
route. Of interest is the detailed description 
and documentation in Chapter 6 of the wide 
variety of manifestations that Hodgkin’s dis- 
ease exhibits throughout the body. 

In Chapter 4 Peters presents a historical 
review of the evolution of the treatment of 
Hodgkin's disease in 4 chronologic periods: 
1832-1900, before the introduction of radio- 
therapy; 1900-1930, the initial explorations in 
the use of radiation without alteration of the 
pessimistic prognostic outlook; 1930-1960, the 
evolution of radiotherapy technically and con- 
ceptually as a means of prolonging life and 
producing significant survival rates and the in- 
troduction of chemotherapy; and the current 
era, the more universal employment of aggres- 
sive radiotherapy and the gradual transforma- 
tion from the pessimism of the past to the 
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optimism of hoping to obtain “clinical cures." 
A detailed exposition of the experience at The 
Ontario Cancer Institute from 1928-1961 1s 
presented. Stressed is the important role of the 
radiotherapist as the responsible agent, directly 
and indirectly, in the management of this 
disease and the imperative necessity of the 
complete and detailed assessment which must 
be carried out in each patient prior to initiation 
of radiotherapy. 
Isapore Lampe, M.D. 
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Cure ror Cancer: A Nationat Goat. By Solomon 
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RADIOACTIVE NucLiDEs IN MEDICINE AND BIoLocy. 
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Chief (Emeritus), Thyroid Clinic, The Mount 
Sinai Hospital; Clinical Professor of Medicine 
(Physics) and Acting Director, Andre Meyer 
Department of Physics, The Mount Sinai School 
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SurRGICAL ParHoLtocy or GyNeEcoLoGcic DISEASE. 


By Cary M. Dougherty, M.D., Clinical Professor 
of Obstetrics and Gynecology, Louisiana State 
University Medical Center, New Orleans, La. 
Cloth. Pp. 704, with 671 illustrations. Price, 
$35.00. Hoeber Medical Division, Harper & Row, 
Publishers, 49 East 33rd Street, New York, N. Y. 
10016, 1968. 


Report OF THE X-Ray ADVISORY COMMITTEE ON 


Pusitic HEALTH CONSIDERATIONS IN MEDICAL 
DiacxNosric RapioLocv (X-Rays). Paper. Pp. 28. 
Price, $0.35. U. S. Department of Health, Educa- 
tion, and Welfare, Public Health Service, Bureau 
of Disease Prevention and Environmental Control, 
National Center for Radiological Health. Super- 
intendent of Documents, U. S. Government 
Printing Office, Washington, D. C. 20402, 1965. 
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1967. NASA SP-5021(06). Paper. Pp. 376; Price, 
$3.00. Clearinghouse for Federal Scientific and 
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1968. 


CATALOGUE OF EGYPTIAN ANTIQUITIES IN THE 


British Museum: I. Mummies AND HUMAN 
Remains. By Warren R. Dawson, F.R.S.E., 
F.S.A.; and Surgeon Commander P. H. K. Gray, 
(R.N.rtd.), M.R.C.S., L.R.C.P., D.M.R.D. Cloth. 
Pp. 43, with many illustrations, plus 37 pages of 
illustrations. Price, £6. The British Museum, 
Director's Office (Publications), London W.C.1, 
England, 1968. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoENTGEN Ray Society 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Jung Hotel, New 
Orleans, La., Oct. 1-4, 1968. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. John V. Blady, The Parkway House, 
2201 Benjamin Franklin Parkway, Philadelphia, Pa. 

Annual meeting: Bellevue Stratford Hotel, 
Philadelphia, Pa., April, 28-30, 1969. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ill., Dec. 1-6, 1968. 

AMERICAN COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Regency Hyatt 
House, Atlanta, Ga., Feb. 18-22, 1969. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: New York, 
Ms Xu July [3-1'7, 1900. 

AMERICAN Boanp or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

AMERICAN ASSOCIATION OF Puysicists IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced, 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80907. 

AMERICAN SOCIETY Fon Diacnostic ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

TWELFTH INTERNATIONAL Concress or RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otani, Tokyo, Japan, 
Oct. 6-11, 1969. 

TENTH INTER-AMERICAN ConcreEss or RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Penrose Cancer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 

President, Dr. Juan A. del Regato, Colorado Springs, 
Colo., USA. 

Secretary, Dr. F. Bloedorn, Boston, Mass., USA. 
Meeting: San Juan, Puerto Rico, 1971. 

INTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Perú. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alahama State Medical Association. 

ALASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. Bruce C. Wright, Providence Hospital, 
Anchorage, Alaska. Meets third Wednesday each month. 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert E. Steyskal, sso W. 
Thomas Rd., Phoenix, Ariz. 85013. Two regular meetings 
a year. Annual meeting at time and place of State Medi- 
cal Association and interim meeting six months later. 

ARKANSAS CHAPTER OF AMERICAN COLLEGE or RADIOLOGY 
secretary-Treasurer, Dr. Wilma C. Diner, Univ. of 
Arkansas Medical Center, Little Rock, Ark, 7220 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluf, Ark. Meets every three months and also at time 
and place of State Medical Association. 

ASSOCIATION OF University RADIOLOGISTS 
Secretary-Treasurer, Dr. Alexander Gottschalk, Univer- 
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sity of Chicago Medical School, Chicago, Ill. 60637. 
Annual Meeting: University of California, San Francisco, 
May 7-10, 1969. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road. 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

BAVARIAN-AMERICAN RapioLoaic SOCIETY 
Advisor, Colonel Paul E. Sieber. Secretary, Major Peter 
B. Riesz, USAH Bad Cannstatt, APO 09154, New York. 
N. Y. Meets quarterly. 

BLockrEv RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. John Gould, 41 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

BLUEGRAss RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly. 

BRaookLvN RADIOLOGICAL SOCIETY 
Secretary, Dr. Skottowe DePass, 69-13 Forest Ave., 
Brooklyn, N. Y. 11227. Meets first Thursday of each 
month, October through June. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Sheehan, 36 Briarlee Drive, Tona- 
wanda, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer: Dr. Leroy K. Mills, 3157 Oakcliff 
Circle, Carmichel, Calif. 94608. Meets annually during 
meeting of California Medical Association. 

CaTAWBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
12:00 NOON, 

CENTRAL NEw York RaprioLocicAL Society 
Secretary-Treasurer, Dr. George, Mitchell, Radiology 
Department, Syracuse Memorial Hospital, Syracuse, 
N. Y. 13210. Meets first Monday each month, October 
through May. 

CENTRAL Onto RaproLocicAL SocigTY 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March t; and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 

Cuicaco RoENTGEN SOCIETY 
Secretary-Treasurer, Dr. Howard C. Burkhead, 26<0 
Ridge Ave., Evanston, Ill. 60201. Meets second Thurs- 
day of each month, October to April, except December, 
at the University Club of Chicago. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Farmer, 18869 Canyon 
Rd. Fairview Park, Ohio 44126. Meetings at 7:00 P.M. 
on fourth Monday of October, Nos ember, January, 
February, March and April. 

CoLoraDo RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Seibert, Denver Gen. Hosp., 
Denver, Colo. 80218. Meets third Friday of each month 
at Denver Athletic Club from September through May. 

Connecticut VaLLey RaprioLocic Society 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

DaLLAs-Forr Wortu RapnioLocIcaL Society 
Secretary-Treasurer, Dr. Robert J. Atcheson, taor S. 
Main St., Fort Worth, Texas 76104. Meets monthly, 
third Monday, at Southwest International Airport at 
6:30 P.M. 

Detroit Roentcen Ray Society 


secretary, Dr. David P. Corbett, Harper Hospital 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Detroit, Mich. 48201. Meets monthly, first Thursday, 
October through May, at David Whitney House, 1010 
Antietam, at 6:30 P.M. 

East Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Allen B. Freitag, 411 goth Str., Oakland, 
Calif. 94609. Meets first Thursday each month, Oct. 
through May, at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Di. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

FLonipA RADIOLOGICAL SOCIETY 
Secretary, Dr. John C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

FLonipA West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Allen M. Sheer, 5o1 E. Buffalo Ave., 
Tampa, Fla. 33603. Meets in January, March, May, 
July, September and November. 

GeoraiaA RADIOLOGICAL SOCIETY 

CHAPTER OF THE AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Walker Harris, The Medical Center, 
Columbus, Georgia 31902. Meets in spring and fall with 
Annual State Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Sylvan H. Sarasohn, North 
Miami General Hospital, 1701 Northeast 127th St., North 
Miami, Fla. 33161. Meets monthly, third Wednesday 
at 8:00 P.M. at Jackson Memorial Hospital, Miami, Fla. 

GREATER Sr. Louis SociETY OF RADIOLOGISTS 
Secretary-Treasurer, Dr. Roland P. Ernst, 3720 Wash- 
ington Ave., St. Louis, Mo. 63108. 

Hawai RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. K. Wang, P.O. Box 256, 
Wahiawa, Oahu 96786. Meets third Monday of each 
month at 7:30 P.M. 

HEALTH Puysics Society 
Secretary, John W. Thomas, Philadelphia, Pa. Annual 
Meeting: Denver-Hilton Hotel, Denver, Colo., June 
16-20, 1968. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Thomas S. Harle, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 P.M., Houston, Tex. 

IDAHO STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. C. R. Markivee, 674 North Seminary St., 
Galesburg, Ill. 61401. Meets in the spring and fall. 

INDIANA ROENTGEN SOCIETY, ÎNC. 

Secretary, Dr. Edwin F. Koch, Jr., 915 University Ave., 
Muncie, Ind. 47303. Meets first Sunday in May and dur- 
ing fall meeting of Indiana State Medical Association. 

Iowa RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. J. H. Lohnes, 1948 First Ave., 
N.E., Cedar Rapids, Iowa 52402. Luncheon and business 
meeting during annual session of Iowa State Medical 
Society. The scientific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary-Treasorer, Dr. Robert C. Lawson. 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 

Kentucky CHAPTER, AMERICAN COLLEGE OF RADIOLOGY 
Seeretary-Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 
way, Lexington, Ky. 40504. Meets in April and Sep- 
tember. 

Kincs County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
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Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert J. Hochstim, 1200 Stewart Ave., 
Garden City, N. Y. 11533. Meets monthly. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. John L. Gwinn, Childrens Hospital of Los 
Angeles, 4650 Sunset Blvd., Los Angeles, Calif. goo27. 
Meets second Wednesday of month in September, 
November, January, April and June at Los Angeles 
County Medical Association Building, Los Angeles, Calif. 

LouisiANA-TExaAs GuLF Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. 

Maine RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bearor, Maine Medi- 
cal Center, Portland, Maine 04102. Meets in June, Sev- 
tember, December and April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

MEMPHIS ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Vernon |. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month at John Gaston Hospital. 

Mram1 VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 P.M. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupson RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 P.M., first Wednesday of each 
month, September to May. 

MILWAUKEE RoENTGEN Ray SOCIETY 
Secretary-Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 
sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
a Monday, October through May, at University 

ub, 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Warren L. Kump, 4243 Glen- 
wood Ave., Minneapolis, Minn. 55422. Meets twice annu- 
ally, fall and winter. 

MississiPPI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missouri RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Harold B. Rapp, Cape Girar- 
deau, Mo. 

MoNTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Otto A. Troester, 924 Sharp 
Building, Lincoln, Nebraska 60508. Meets third Wednes- 
day of each month at 6 p.m. in Omaha or Lincoln. 

NevaDA RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New Encianpd RoentcGen Ray Society 
Secretary, Dr. Morris Simon, 330 Brookline Ave., Boston, 
Mass. 02115. Meets third Friday of each month, October 
through May, at The Longwood Towers, 20 Chapel 
Street, Brookline, Mass., at 4:30 P.M. The Annual Meet- 
ing will be held May 24 and 25, 1969, at the Hotel Bel. 
mont, West Harwich by-the-sea, Cape Cod, Mass. The 
guest speaker, Dr. Lucy Frank Squire, will present the 
Twenty-fifth George W. Holmes Lecture. 

New HampsuirE RoEnTGEN Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico AssociATION OF RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Society oF RADIOLOGISTS 
Secretary, Dr. Phil Fox, Albuquerque, New Mexico. Four 
meetings annually, three held in Albuquerque, N. M., 
and one held at time and place of New Mexico State 
Medical Society annual meeting. 
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New York RoentcEN Society 
Secretary, Dr. David H. Baker, Babies Hospital, 3975 
Broadway, New York, N. Y. 10032. Meets monthly on 
third Monday at the New York Academy of Medicine at 
4:30 P.M. 

New York STATE CHAPTER OI 

or RapioLocv, Ine. 
oecretary- Treasurer, Dr. John W. Colgan, 273 Holly wood 
Ave., Rochester, N. Y., 14618. 

NORTH CAROLINA CHAPTER OF ACR, 

Secretary- Treasurer, Dr. Ira Bell, Hickory, N. C. 

NonTH CanouiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

NonTH Dakora RaprioLocicAL SociETY 
Secretary, Dr. A. Ohrt, 408 Medical Arts Bldg., Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 

NonTH FLonipA RaproLocicAL Society 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New Yonk RapioLoaicat Society 
Secretary, Dr. Herbert F. Reilly, Jr., 12 Sandalwood Rd., 
Scotia, New York 12302. Meets in Albany area on third 
Wednesday of October, November, March, April, and 
May. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Ivan D. Siddons, 3701 J. St., Suite 
106, Sacramento, Calif. 95816. Meets fourth Monday of 
Sept., Nov., Jan., March and May at the Sutter Club in 
Sacramento. 

NORTHWESTERN OHIO RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onro Strate RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert D. Berkebile, Elyria Memorial 
Hospital, Elyria, Ohio 44035. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald F. Mauritson, 100 Utica Square 
Med. Center, Tulsa, Okla. 74114. Meets in January, 
May and October. 

ORANGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

OrEGON RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Clinton B. Sayler, 214 Medical 
Dental Bldg., Portland, Oregon 97205. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

OnLEANs ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday ofeach month. 

Pactric NorTHWEST RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marvin Wallace, 555 108th Ave. 
N. E., Bellevue, Washington 98004. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Poly- 
clinic Hosp., Harrisburg, Pa. 17105. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
s4th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Edward R. Seitz, 601 Jenkins Bldg., Pitts- 
burgh, Pa. 15222. Meets second Wednesday of month, 
October through June, at Park Schenley Restaurant. 

RADIATION RESEARCH SOCIETY 
Secretary-Treasurer, Dr. Gail D. Adams, Dept. of Radi- 
ology, Univ. of Oklahoma Medical Center, Oklahoma 
City, Oklahoma 73104. 

RADIOLOGICAL SOCIETY OF CONNECTICUT, Ine. 
Secretary-Treasurer. Dr. Henry J. Fox, 10 Washington 
Ave., Bridgeport, Conn. Meetings are held quarterly. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Donald E. Gunderson, 3553 
Bayard Dr., Cincinnati, Ohio 45208. Meets first Monday 
of each month at Cincinnati Academy of Medicine. 
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RADIOLOGICAL SOCIETY oF GREATER Kansas Cry 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL Society or Kansas City 
Secretary, Dr, Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 


RADIOLOGICAL SOCIETY oF LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave, 
New Orleans 15, La. Meets semiannually, during Loui- 
siana State Medical Socicty meeting and 6 months later. 

RADIOLOGICAL SOCIETY or NEw JERSEY 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. 07018. Meets in Atlantic City at time 
of State Medical Society meeting and in October or No. 
vember in Newark, N. J. 

RADIOLOGICAL Society or RHODE ISLAND 
Secretary- Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 


RADIOLOGICAL SOCIETY or Sourn DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 


RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Robert G. Williams, The Santa 
Barbara Medical Clinic, P.O. Box 1200, Santa Barbara, 
Calif. 93102. Meets three times a year, usually October, 
February and May. 

RADIOLOGICAL SOCIETY OF THE STATE or New Yonk 
Secretary-Treasurer, Dr. John W. Colgan, 273 Holly wood 
Ave., Rochester 18, N. Y. 


Repwoop Empire RADIOLOGICAL Society 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 


RicHMoNnD County RADIOLOGICAL Society 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 


RocuEesrER Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621, 
Quarterly meetings on the call of the President, at the 
Rochester Academy of Medicine. 

Rocky Mountain RaprioLocicaL Society 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E, 
Ninth Ave., Denver, Colo. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. I 5-17, 1968. 

SAN ANTONIO-MiLrrAnY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M, 


San Dieco RADIOLOGICAL Society 
President-Secretary, Charles R. Henkelmann, 3909 Palm 
Drive, Bonita, Calif. g2002. Meets first Wednesday of 
each month at the Town & Country Motel. 


SAN Francisco RapiorocicAL Society 
Secretary-Treasurer, Dr. Walter W. Herbert, Saint 
Francis Memorial Hospital, goo Hyde St., San Fran- 
cisco, Calif. 94109. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 

SANTA Ciara County RapioLocicAL Society 
Secretary, Dr. D. Brendan O'Donnell, 696 E. Santa 
Clara St., San Jose, Calif. 95112. Meets monthly at the 
Santa Clara County Medical Association Bldg., 7oo 
Empey Way, San Jose, Calif di 

; i 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SECTION on RapioLocv, Menica Society or THE Dis. 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1310 Southern Ave., S.E., Washington, D. C. 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 P.M. 

SECTION ON RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretray, Dr. Phillip W. Voltz, Jr., 120 Medical Pro. 
fessional Bldg., San Antonio, Texas 78212. Annual meet- 
ing: New Orleans, La., November 18-21, 1968. 
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SEcTION ON RapioLocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SociETv FOR PEDIATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Jung Hotel, New Orleans, La., Sept. 30, 1968. 

Society oF NucLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Annual meeting Chase-Park Plaza Hotel, St. Louis, Mo., 
June 27-30 1968. 

Sours Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park, Calif. 94025. Meets second Wednesday of each 
month. 

SoutH CanoLiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Souty Dakota RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave., 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 

SourHERN CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary-Treasurer, Dr. Aaron G. Fingerhut, 1000 W. 
Carson St., Torrance, Calif. 90502. Mets quarterely. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary- Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
meeting: Grand Hotel, Pointe Clear, Ala. 36564, Jan. 
31—Feb. 2, 1969. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marion E. Spurgeon, Memorial 
Hosp., Clarksville, Tenn. 37040. Meets annually at the 
time and place of the Tennessee State Medical Associa- 
tion meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced. 

Tri-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 p.m., Elks Club in Evans- 
ville, Ind. 

UNIVERSITY OF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor Mich. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

UTAH SrATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Leon M. Neal, St. Benedict’s 
Hospital, 3000 Polk Ave., Ogden, Utah 84403. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital. 

VERMONT RADIOLOGICAL SOCIETY 
daa Dr. John R. Williams, 160 Allen St., Rutland, 

t. 

VirGINIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. K. Kenneth Wallace Jr., Nor- 
folk, Va. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Paul S. Paulson, 1001 Broadway, 
Seattle, Washington 98122. Meets quarterly. 

West VIRGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. George G. Green, Morgantown, W. Va. 
Meets concurrently with Annual Meeting of West Vir- 
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ginia State Medical Society; other meetings arranged by 
program committee. 

WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

WyomincG RADIOLOGICAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cusa, Mexico, Puerto Rico AND CENTRAL AMERICA 


AsociACIÓN DE RADIÓLOGOS DE CENTRO AMERICA Y 
PanaMA. Comprising: Guatemala, El Salvador, Hon. 
duras, Nicaragua, Costa Rica and Panama. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SoclEDAD DE RADIOLOGÍA DE EL SALVADOR 
Secretary, Dr. Julio Astacio, 5a Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9?. Calle A 0-05, Zona 1, 
Guatemala. 

SociEDAD DE RanioLocíA v FisiorTERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba Meets monthly at 
Curie Hospital. 

SociEDAD RADIOLOGICA COSTARRICENSE 
Secretary, Dr. Carlos Cordero, Chavarri, Apartado viii, 
San José, Costa Rica. 

SociEbAD M exicANA DE RapioLocía, A.C. 

Coahuila No. 35, México 7, D. F. 
Secretary-General, Dr. Ramón Ruenes. 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SociEDAD RapioLóGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SociEDAD RapioLóGcIcAa DE PuerTO Rico 
Secretary, Dr. Felipe N. de Jesús, !Apt. 19387, Santurce, 
Puerto Rico. Meets second Thursday A o month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


BRITISH COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

BRITISH INSTITUTE OF RADIOLOGY 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 
until May. Annual meeting to be announced. 

CANADIAN ASssocIATION OF Puysicists, DIVISION OF 
MEDICAL AND BiorocicaL Puysics. 

Honorary Secretary- Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced. 

EDMONTON AND District RADIOLOGICAL SOCIETY 
Secretary, J. D. R. Miller, M.B., University of Alberta 
Hospital, Edmonton, Alberta, Canada. Meets third 
Thursday of each month October to May, except Decem- 
ber, at various Edmonton Hospitals. 

FaAcuLTY or RADIOLOGISTS 
Honorary Secretary, Dr. J. N. Pattinson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. Annual meeting: 
London, England, June 21-22, 1968. 

FAcuLTY or RaproLocisTs, ROYAL COLLEGE OF SURGEONS 
IN IRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.I., D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 

SecTion or RaproLocv or THE Rovar Society or MEDI- 
CINE (ConFINED To MEDICAL MEMBERS) 

Meets third Friday each month at 4:45 P.M. at the Royal 
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Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
land. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald 1555 Summerhill Ave., Montreal 25, Que., 
Canada. 

MoNTREAL RaDIOLoGIcaL Srupv CLuB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

SECTION OF RapioLoGv, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S, 

SociÉTÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, 5415 Boul. 
L'Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April. Annual meeting 
to be announced. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

COLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W., 
Australia. 


SOUTH ÁMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

CorÉcio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Miguel Maric Céntola, Caixa 
Postal 5984, Sáo Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary-General, Dr. Osvaldo E. Zerbo, Santa Fe 1171 
Buenos Aires. Meetings are held monthly. 

SociEDAD BoLiviANA DE RapioLocíA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La Paz, 
Bolivia. Meets monthly. General assembly once every 
two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Cxa Postal 1532, 
Rio de Janeiro, Brazil. General Assembly meets every 
two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, Sdo Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in Sao Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Concha, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SociEDAD EcuATORIANA DE RaprioLocíA v FISIOTERAPÍA 
Secretary, Dr. Carlos Palau, Av. Bogotá 206, Guayaquil, 
Ecuador. 

SociEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladis Delpino, Instituto de 
Radiología “Cayetano Heredia” Hospital Arzobispo 
Loayza, Lima, Perú. Meets monthly except during Janu- 
ary, February and March. 

SOCIEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Ínstituto 
de Radiología. 

SOCIEDAD DE RaApioLocfa, 
MÉDICA DEL URUGUAY 
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Secretary-General, Dr. José Claussius, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE RoENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CORDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Cérdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Modesto Rivero Gonzales, Apar- 
tado No. 9362 Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 

CONTINENTAL EUROPE 


OsTERREICHISCHE RÓNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 

SociETE RoyaLe BELGE DE RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SociÉTÉ EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 15e, France. 
General Secretary, Dr. H. Ludin, Department of Roent- 
genology, Basler Kinderspital, Basel, Switzerland. An- 
nual meeting to be announced. 

SociÉTÉ FRANÇAISE D’ELEcTRORADIOLOGIE MÉDICALE, 
and its branches: SociérÉ pu Sup-Ovest, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
NORD, DE L'OUEST, DE L'EST, ET D'ALGER ET D'AFRIQUE 
DU Nonp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru Paris 8°, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST pro ROENTGENOLOGII A 
RADIOLOGII 
Secretary, Dr. Robert Poch, Praha 12, Srobárova 5o, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RÓNTGENGESELLSCHAFT 
President, Professor Dr. med. Hanno Poppe, Radio- 
logische Univ.-Klinik, Gossler Str. 10, 34 Göttingen, 
Germany. 

SOCIETÀ IrALIANA DI RADIOLOGIA MEDICA E DI MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. C. B. A. J. Puijlaert, Prof. Dondersstraat 
73, Tilburg, Netherlands. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Dr. C. E. Unnérus, Professor, Haga- 
lund-Tapiola, Havsvindsvagen 5 C., Finland. Annual 
meeting: Copenhagen, Denmark, May 29-June 1, 1968. 

SociEDAD EsPANoLA pe RaprioLooíA v ELECTROLOGÍA 
Mepicas Y MEDICINA NUCLEAR 
Secretary, Juan Gomez Lopez, Villanueva, 11, Madrid r. 
Meets every second Friday of each month, Oct. to June, 
inclusive, in Madrid. 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉTÉ Suisse DE RADIOLOGIE ET 
DE MÉDECINE NUCLEAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 
ASIA 


InpIAN RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
I Diakarta, Indonesia 

IRANIAN RADIOLOGICAL SOCIETY 
Secretary, Dr. Issa Yaghmai, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur- 
day of each month. 
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ROENTGEN DIAGNOSIS 


HEAD 


LEGRÉ, J., Saramon, G., GriupicELLI, G., 
Aran, D., and Durour, M. Etude compara- 
tive des différents procédés de soustraction 
appliqués à l'angiographie cérébrale. (Com- 
parative study of different subtraction pro- 
cesses applied to cerebral angiography.) 7. 
de radiol., d'électrol. et de méd. nucléaire, 
March-Apr., 1968, 49, 199-203. (From: 
Chaire de Radiologie, Faculté de Médecine de 
Marseille, Marseille, France.) 


Before comparing different subtraction techniques 
the authors injected the arteries of an anatomic spec- 
imen of brain, and obtained the following: (1) a 
roentgenogram of a section of the brain covered by 
the osseous vault; (2) a roentgenogram of the isolated 
brain section; (3) a roentgenogram of the isolated 
vault; and (4) finally, a subtraction roentgenogram 
by combining (1) with a mask made from (3). 

A comparison showed that the subtraction tech- 
nique is not quite equal to a roentgenogram of iso- 
lated brain for the demonstration of finer vessels. In 
a roentgenogram of brain covered by bone all the ves- 
sels over the vault can be visualized which are shown 
in subtraction techniques, but where variations in 
bone density "parasitize" the vascular shadows 
(orbits, sinuses, base) subtraction techniques are 
absolutely necessary. 

There are 4 subtraction techniques: 


(1) The manual method. 

(2) Subtraction by electronic flash. Here not 1 but 3 
masks of different gradations are used, with a 
very intense light source. Exact superposition 
is obtained by “3 point contact," a process 
employed in photogravure. 

Electronic subtraction. Here 2 television cam- 
eras are used for simultaneous viewing of the 
film pairs with and without injection, so that 
the results are immediate. The resultant can 
be photographed, if desired; some loss of 
clarity occurs as compared to the manual 
method. 

Subtractions in color have been done, not with 
esthetic intent, but because variations in den- 
sity on films are transformed as differences 
in color which are more perceptible to the 
eye. 


One other technique exists, for the occasional case 
in which tumor vessels are to be precisely delineated; 
here the images of arterial and venous phases are 
superimposed on one film. 

The authors note that difficulties in cerebral an- 
giography stem from the use of iodized contrast ma- 
terials which absorb radiation in the general kilovol- 
tage range as does calcium, but if contrast materials 
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of higher atomic weight are developed there will be 
realized an automatic effacement of osseous shadows. 


—Frank A. Riebel, M.D. 


KaurMaN, Benjamin. The "empty" sella 
turcica: a manifestation of the intrasellar 
subarachnoid space. Radiology, May, 196%, 
90, 931-941. (From: Department of Radiol- 
ogy, Western Reserve University, 2065 Adel- 
bert Road, Cleveland, Ohio 44106.) 


The author reports the clinical pathologic aspects 
and the roentgenographic appearance of 8 cases 
of the “empty” sella turcica. He discusses at length 
the relationship of prolonged increased intracranial 
pressure and an incomplete diaphragma sellae as 
an etiology. 

The term “empty sella" was coined by Busch in 
1641 to describe the gross appearance of the sella as 
visualized from above either at surgery or necropsy. 
The diaphragma sellae is incomplete and the pitu- 
itary gland is not visible. While not actually absent, 
the hypophysis is flattened into a thin rim of tissue 
at the posterior inferior aspect of the pituitary fossa. 

In 5 of the cases, the author suggests that the pres- 
ence of prolonged increased cerebrospinal fluid pres- 
sure combined with an incomplete diaphragma sellae 
can cause the characteristic globular remodeled sella. 
One of these cases clinically a Pickwickian demon- 
strated a completely absent diaphragma sellae at au- 
topsy. The other 4 cases had no autopsy verification 
but did show subarachnoid air in the sella on air stud- 
les. 

Three cases of autopsy proved "empty" sella are 
reported which show globular, enlarged sellae on 
roentgenographic examination. One of these cases 
had previous irradiation (20 years ago) of the sella 
for suspected acromegaly. 

The roentgenographic features of the 
sella are: 


‘empty 


1. Remodeling of the sella to produce the charac- 
teristic globular shape; 

. no erosion of the lamina dura or posterior dis- 
placement of the dorsum sellae although the 
dorsum sellae may be thinned and elongated; 
the globular shape occurs early; 
no changes in the chiasmatic sulcus, tuberculum, 
or planum sphenoidale despite remodeling of 
the dorsum, floor and anterior wall of the sella; 
and 

. maximum length of the sella encountered was 


22 cm.— F. P. Eberts, M.D. 


Jain, K. K., and Porrak, J. E. Chronic benign 
thrombosis of the superior sagittal sinus. 
7. Canad. A. Radiologists, March, 19685, 79, 
39. (From: Department of Neurosurgery and 
Radiology, The Lions Gate Hospital, North 
Vancouver, B.C., Canada.) 
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A 31 year old female with bilateral frontotemporal 
headaches following an episode of acute frontal sinus- 
itis noted persistence of the headaches even after 
clearing of the sinusitis. Neurologic examination 
failed to reveal any deficit. 

Percutaneous left carotid angiography demon- 
strated lack of filling of the anterior portion of the 


superior sagittal sinus. Superficial venous drainage of 


the frontal regions appears on the illustrations to be 
via a large vein coursing posteriorly near the midline 
and into the superior sagittal sinus at a point several 
cm. posterior to the coronal suture. 

The authors feel that this represents a case of be- 
nign thrombosis of the superior sagittal sinus, only 
one instance of which has been previously reported 
(Askenasy et al., Neurochirurgia, 1963, 6, £4). How- 
ever, they also add that “the possibility of congenital 
absence of the anterior portion of the superior sagit- 
tal sinus was considered but no similar adult case was 
found in the anatomic or 

Since no prominent drainage into the anterior deep 


radiologic leterature.” 


venous system was seen and a large superficial vein 
was present in the frontal region which coursed pos- 
teriorly parallel to the midline, it would seem that 
the alternative possibility of a congenital variation in 
superficial venous drainage must still be considered 
until definitive surgical or pathologic investigation 
proves otherwise.—Stephen A. Kieffer, M.D. 
FoswoEg, Ropertr J., Horm, Rosperr S., and 
HitpretH, Roscoe C. Van Buchem’s disease 
(hyperostosiscorticalis generalista familiaris): 


a case report. Radiology, Apr., 1968, 9o, 771- 


Fosmoe, 


774. (Address: Dr. Robert J. 
458 West South Street, Kalamazoo, Mich. 
49006.) 

The authors report the eighth case of Van Buch- 
em's disease with grotesque features. This was a 31 
year old white male with height of 74 inches and 
weight of 146 pounds. The skull and jaws were mas- 
sively enlarged with the skull measuring 65 cm. The 
patient also had involvement of the ribs and clavicles 
plus the long and short bones. The spine and pelvis 
are not usually involved but were in this patient. 

Van Buchem's disease is characterized by osteo- 
sclerosis of the skull, facial bones, mandible, di- 
aphyses of the long and short bones, metacarpals, 
metatarsals, phalanges, ribs and clavicles. Sclerosis 
of the skull may be so great that good roentgeno- 
grams are difficult to obtain. Overgrowth may cause 
cranial nerve symptoms by narrowing the foramina 
at the base of the skull. Symptoms include optic 
atrophy, blindness, deafness or nerve paralysis. 

Hereditary factors are indicated; however, Rubin 
postulates that this disorder is the late form of hvper- 
phosphatasia. Calcium uptake by abnormal bones is 
increased although the cause 1s undetermined. The 
serum calcium and phosphatase levels are normal but 
the serum alkaline phosphatase level is increased. 
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The authors believe that it is possible that other 
cases have been misdiagnosed as Engelmann's dis- 
ease, osteopetrosis, hyperos- 
tosis generalisata with pachyderma, Hallidav's dis- 
ease or chronic idiopathic hvperphosphatasia.- 


C. T. Edmondson, M.D. 


osteom velosclerosis, 


CroLL, Mittarp N., Bnapvy, LurHER W., 
Faust, Donan S., KAZEM, IsMAIL, ANTONIA- 
DES, JOHN, and Tarem, H. Ranporra, IIl. 
Comparison brain scanning with mercury 203 
and technetium ggm. Radiology, Apr., 1968, 


90, 747-749. (From: Hahnemann Medical 
College and | lospital, Department of Radiol- 
230 North Broad Street, Philadelphia, 
Pa. 19102.) 


OLY, 


The localization of both neoplastic and non-neo- 
plastic intracranial lesions by radioisotope scanning 
has undergone profound change in the past 17 years. 
The radiopharmaceutical originally employed was 
['?' diiodofluorescein and later I?! human serum albu- 
min. In 1960 Hg?” chlormerodrin was introduced for 
brain scanning and in 1964 Tc?%™ 
netate, became available. Since that time there have 
been reports of the diagnostic accuracy of Tc??" which 
appears to be comparable to that of the mercurials. 
Although the diagnostic accuracy of independent 


, 4S the pertech- 


studies has been reasonably parallel, there have been 
no reports of a comparative study of chlormerodrin 
and pertechnetate scanning in the same patient. To 
evaluate the diagnostic accuracy of Tc??" the authors 
have studied 50 consecutive patients, each of whom 
was scanned with both Hg? chlormerodrin and 
Tc??" pertechnetate. 

Fourteen patients received Tc??" first and the 
Hg?" within 48 hours, while 34 patients were given 
chlormerodrin first, followed by pertechnetate. Two 
patients were given both isotopes simultaneously. 
Chlormerodrin was administered intravenously in a 
dosage of 10 uc; kg. of body weight and the patient 
was pretreated with 1 ml. of stable mercuhydrin in- 
tramuscularly to increase renal excretion of the iso- 
tope. The Torm 
travenously in a dosage of 10 mc and these patients 
were pretreated with either 20 drops of Lugol's solu- 


pertechnetate was administered in- 


tion or potassium perchlorate, 200 mg. orallv, to re- 
duce the accumulation of pertechnetate in the thy- 
roid, stomach, and choroid plexus. Scanning of all 
patients was performed on one of two rectilinear 
scanners using either a 3 inch or a 5$ inch crystal. The 
patient being studied was always scanned with the 
same instrument. Determination of the final diagno- 
sis was made by careful review of the chart with ref- 
erence to other diagnostic studies such as skull roent- 
genography, cerebral arteriography, pneumoencepha. 
lography, and ultrasonography as well as surgical 
and postmortem findings. 

Thirty of the 50 patients studied had a final diagno- 
sis of an intracranial lesion, either neoplastic or non- 
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neoplastic. The Hg?" scans identified the lesions in 
23 cases (76.6 per cent) and the Tc??" scans identified 
the lesions in 24 cases (80 per cent), with the differ- 
ence not statistically significant. A follow-up of the 
remaining 20 patients revealed no intracranial lesion. 
However, the authors report an unusually high inci- 
dence of false positive scans in this group as the mer- 
cury scans were falsely positive in 9 and the pertech- 
netate scans were falsely positive in 3 of the 20 cases. 
Analysis of their series reveals that the probability of 
a misdiagnosis with Hg?*? is statistically greater than 
the probability of a misdiagnosis with Tc?™. 

Mercury? chlormerodrin has both physical and 
biologic advantages as a material for brain scintilla- 
tion scanning. The major difficulty with the radio- 
mercurials is the low photon yield resulting in statis- 
tically poor scans. However, Tc??? pertechnetate can 
be administered in relatively large dosages because of 
its short half-life and, by scanning within an hour af- 
ter injection, a high count rate over the brain can be 
obtained. These physical characteristics allow a re- 
duced radiation dosage to the patient as well as a 
marked reduction in scanning time. The disadvan- 
tage of Tc??" is related to the necessity of eluting the 
generator on a daily basis and assaying the activity 
of the eluent, as well as testing for molybdenum 
leakage. 

The authors conclude that, although the diagnostic 
accuracy of the two materials is closely parallel, the 
pertechnetate should now be the current agent choice 
for brain lesion localization, since it offers decided 
procedural advantages.—Edward B. Best, M.D. 


WaLLACE, SipNEvy, and Wattace, Jonn D. 
Hemodensitometry in the evaluation of 
cerebral circulation: a preliminary report. 
Radiology, March, 1968, 90, 454-465. (From: 
Department of Diagnostic Radiology, M. D. 
Anderson Hospital and Tumor Institute, 
Houston, Texas.) 


Local blood flow through the skin is dependent 
upon the direct anatomic and functional continuity 
with the deeper vessels, reflecting the status of the 
adjacent, deeper arterial circulation. Internal carotid 
arterial flow, therefore, can be evaluated by measure- 
ment of its superficial components—the branches of 
the ophthalmic artery. By means of hemodensitom- 
etry, the measurement of capillary blood flow in the 
skin of the forehead can be related to carotid blood 
flow. 

The authors describe their technique and discuss 
the potential of photoelectric plethysmography in 
the study of normal human beings who have altera- 
tions in cerebral hemodynamics. The monitoring de- 
vice consists of a photoelectric sensor, a cadmium 
selenium photoelectric cell detector, and a standard 
electrocardiographic recorder. The pickup functions 
by radiating light which is scattered throughout the 
tissue and is partially reflected back to the photocell. 
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The amount of light reflected onto the photocell will 
depend upon the amount of light absorbed by the 
underlying tissue and will vary, therefore, with the 
tissue density. Changes in tissue density are related 
to changes in the amount of blood present. 

The pulse curves are the dynamic expression of the 
changing volume of the blood in the near tissue bed 
beneath the sensor. The height of the curve at any 
given time is proportional to the amount of blood 
present. Measurement of the carotid low entails the 
evaluation of both the internal and external carotid 
arteries. The internal carotid artery sensor 
fastened to the skin near the medial portion of the 
forehead. The external carotid sensor was placed over 
the lateral aspect of the forehead. From the measure. 
ments taken on 50 patients, ratios were constructed 
to evaluate the comparative blood flow in the carotid 
arteries. 

Studies appeared to be most useful in occlusive 
vascular disease, such as common carotid occlusion, 
extrinsic vascular compression, and carotid-cavern- 
ous fistula. There are 3 primary sites of involvement: 
(a) common carotid artery; (b) internal carotid ar- 
tery up to and including the take-off of the ophthalmic 
artery; and (c) the intracranial internal carotid ar- 
tery beyond the ophthalmic artery. Narrowing of the 
common carotid artery (a) will result in diminished 
flow and pressure distal to the obstruction. Occlusive 
lesions of the internal carotid artery (b) result in de- 
creased flow in the ophthalmic artery and its supra- 
orbital branch. Occlusion above the origin of the 
ophthalmic artery (c) usually results in no alteration 
in hemodensitometric readings. Patients with coarc- 
tation of the aorta and migraine were also studied. 
Bilateral increased flow in the common carotid ar- 
teries was seen in a patient with clinical findings of co- 
arctation of the aorta. Increased blood flow was 
found in a patient who was examined during an acute 
migraine episode. 

These preliminary studies suggest many interest- 
ing possibilities for this procedure.—. W. Sommer, 


M.D. 


Was 


NECK AND CHEST 
ReppiNc, RALPH A., and CravMaw, Curtis R. 
Cuff trachiectasis. Canad. M.A.J., May 25, 
1968, 98, 1009-1010. (From: The Depart- 
ments of Medicine and Medical Research of 


the Rhode Island Hospital, Providence, 
E. Se) 


Positive pressure artificial ventilation through an 
endotracheal or tracheostomy tube fitted with an in- 
flatable cuff is now a well established clinical proce- 
dure. 

A case is reported in which prolonged use of a cutted 
tracheostomy tube was complicated by the devel- 
opment of localized trachiectasis. A marked balloon- 
ing of the posterior tracheal wall occurred at the 
level of the cuff. 
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At a subsequent autopsy no inflammation was 
found but there was squamous metaplasia. 

This case is unusual in that no infection or stenosis 
occurred. 

The authors suggest that the incidence of compli- 
cations can be reduced if the end-point of cuff infla- 
tion is a minimal leak during peak inspiratory pres- 
sure. This would prevent mucosal ischemia and allow 
accumulated secretions to be expelled.—/. H. Hall, 


M.D. 


CocksHorr, W. PETER, Crank, BETTY M., and 
Martinson, F. D. Upper respiratory infec- 
tion due to Entomophthora coronata: rhino- 
entomophthoromycosis. Radiology, May, 
1968, 90, 1016-1019. (Address: Dr. W. Peter 
Cockshott, Department of Radiology, Mc- 
Master University, Hamilton, Ontario, Can- 
ada.) 


Rhino-entomophthoromycosis is a granulomatous 
lesion of the upper respiratory tract caused by a 
Phycomycete, Entomophthora coronata. The mode 
of infection is probably traumatic implantation 
of the fungus or inhalation of the spores, which ger- 
minate and produce infection when local conditions 
are suitable. The granulomatous lesion starts in the 
submucosa usually in or close to the anterior end of 
the inferior turbinate and then extends into the nasal 
cavity, invades the paranasal sinuses, filling them 
with submucosal masses, or spreads on to the face by 
way of naturally occurring bone foramina or spaces 
between two adjacent bones. 

The authors analyse the roentgenologic features 
found in 14 patients with this disease who were stud- 
ied at the University College Hospital, Ibadan, in 
Western Nigeria. The main features were: a soft- 
tissue swelling over the nose and cheek; unilateral 
nasal obstruction; opacity of the antra and perhaps 
ethmoid cells on the same side; and absence of bone 
destruction or bone reaction in roentgenograms. 

At the present time proved cases of rhino-entomo- 
phthoromycosis have occurred in Jamaica, Nigerla, 
Congo, Colombia, and Brazil. The organism has also 
been recovered from nasal polypoid lesions occurring 
in 4 horses in Texas.—Donald N. Dysart, M.D. 


Russert, J. Y. W., and MacDowarp, N. 
Spontaneous rupture of the oesophagus. 
Brit. J. Surg., Apr., 1968, 55, 311—314. (From: 
Preston Royal Infirmary, Preston, England.) 


When spontaneous rupture of the healthy esopha- 
gus takes place, the defect is usually situated in its 
thoracic portion, a short distance above the dia- 
phragm. What would appear to be the first recorded 
case in which spontaneous perforation took place 1n 
the cervical part of the esophagus was recorded by 
Russell in 1953. The same patient presented recently 
with a recurrence of this extremely rare condition. 

The patient stated that she had been well since her 
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operation in 1952. After the current admission she 
vomited on 2 occasions, and the first vomitus was 
seen to contain streaks of dark blood. She spoke in a 
hoarse gasping voice and she held her throat with her 
hand. There was no significant swelling of the neck, 
but she was tender in front of the mid point of her 
left sternomastoid muscle. The respiratory and car- 
diovascular systems were normal to clinical examina- 
tion apart from evidence of slight hypertension. A 
roentgenogram of the neck was taken on admission, 
but the significance of the changes was not then ap- 
preciated. The following morning surgical emphy- 
sema was barely palpable around the point of maxi- 
mal tenderness in the left side of the neck. A chest 
roentgenogram showed no evidence of mediastinal 
emphysema or pneumothorax. The roentgenograms 
of the neck taken the previous night were re- 
examined and it was realized that air was shown in 
the retroesophageal tissues and extending mainly up 
the left side of the neck. A diagnosis was made of re- 
current spontaneous rupture of the cervical esopha- 
gus. 

On surgical exploration there was, surprisingly, no 
gas or fluid seen in the peri-esophageal tissues and no 
rupture of the esophagus was discernible. It was as- 
sumed that there had been a minute perforation, and 
that the gas seen in the original ri entgenogram had 
Postoperativelv, when 
swallowing was gradually resumed, there was at first 


been absorbed overnight. 
considerable difficulty, followed by a slow return to 
About M after the 
esophagoscopy was done under general anesthesia. 


normal. months surgery, an 
The esophagus was found to be very narrow at the 
level of the cricopharyngeus. The lower esophagus 
was normal. There was no suggestion of ulceration or 
neoplasm at the site of the narrowing. 

Spontaneous perforation of the healthy esophagus 
has already been very extensively reported. The ac- 
tual size of the defects which have been recorded has 
varied greatly. In several of the reported cases the 
mucosal defect has been of microscopic dimensions. 
Rents from 2 mm. to 8 cm. in length have been 
described, for the most part lying in a longitudinal 
direction. In Boerhaave’s (1724) 
plete disruption of the esophagus took place, the 2 
ends being found at autopsy to be widely separated. 

In treatment, most authors stress the desirability 
of urgent surgical intervention, and nearly all of the 


famous case com- 


patients who have recovered have done so after open 
Douglas S. Kel- 


repair of the defect or drainage. 


loge, M.D. 


Le Roux, B. T., and Wititams, M. A. Congeni- 
tal oesophagobronchial fistula with presenta- 
tion in adult life. Brit, F. Surg., Apr., 1968, 

, 306-308. (From: Thoracic Unit, Univer- 

y of Natal, Natal, Africa.) 
Tracheo-esophageal fistula of congenital origin in 
neonates, and of carcinomatous origin in adults, are 
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the common lesions associated with foregut-respira- 
tory tract communications. À well documented but 
rare anomaly is the congenital communication that 
presents in later life. 

The authors report 3 cases, all adults, having simi- 
lar histories of either recurrent unexplained pulmo- 
nary suppuration or dysphagia for liquids. Esophago- 
grams demonstrated fistulous communications be- 
tween the distal esophagus and the right bronchial 
tree. The fistulae were confirmed endoscopically and 
resected. Histologic examination of the fistula demon- 
strated a squamous epithelial lining, a well defined 
muscularis mucosae and 2 distinct layers of smooth 
muscle in the wall. There was nothing to suggest an 
inflammatory origin. 

Approximately 25 such cases have now been de- 
scribed. The late onset of symptoms has been attrib- 
uted variously to the presence of an occluding mem- 
brane which later ruptures, a proximal fold of mucosa 
which initially overlaps the orifice but later becomes 
less effective, or to the fact that the fistula may run 
in a rostral direction and close with swallowing.— 


Rosalind H. Troupin, M.D. 


Reppinc, Rapa A., Harpy, Harrier L., and 
GAENSLER, EpwarDA. Beryllium disease: a 16 
year follow-up case study. Respiration, 1968, 
25, 263-278. (From: The Thoracic Services, 
Boston University, School of Medicine, 15 
Stoughton Street, Boston, Mass. 02118.) 


A patient with chronic beryllium poisoning is re- 
ported, whose disease resulted from work with roent- 
gen tube windows 27 years previously, and which was 
confirmed by lung biopsy 11 years later. Detailed 
physiologic studies were obtained before treatment 
and at regular intervals during the 16 years that he 
had received corticosteroids. 

The manufacture, uses and toxicology of beryllium 
are discussed. Since the shielding of roentgen rays by 
beryllium is 17 times less than that by aluminum, it 
is therefore, often preferred for roentgen tube win- 
dows. The pure metal is used in nuclear energy as a 
source of neutrons which it emits when bombarded 
by alpha rays. Powdered pure beryllium is currently 
being evaluated as an additive to solid fuels for 
missiles. Small amounts of beryllium added to 
copper, aluminum, nickel, cobalt and steel greatly 
increase their hardness and resistance to corrosion 
and high temperatures. Copper alloys with a high 
beryllium content are valuable in the manufacture of 
springs, bellows and aircraft engine parts. Low con- 
tent beryllium alloys are used in circuit breakers, 
electrical terminals, brakes and clutches. The oxide 
of beryllium serves as a refractory support for electri- 
cal heaters and furnaces. Finally, from 1939 to 1949, 
beryllium oxide was a component of lamp and neon 
tube phosphors to increase the fluorescence of the 
coating. 

The respiratory and skin toxicity of beryllium in 
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this country has resulted in a Beryllium Case Regis- 
try supported by the Atomic Energy Commission 
begun in 1952 and which contained 760 cases by 
June, 1966. 

Acute berylliosis affects the upper respiratory tract 
by causing transient rhinopharyngitis or tracheobron- 
chitis. More severe exposure may lead to pneumoni 
tis. Roentgenographic changes appear weeks later 
and consist, in order, of diffuse haziness, soft irregu- 
lar infiltrates and finally absorption and later devel- 
opment of discrete small nodules. Complete clearing 
occurs within 1 to 3 months. Occasionally, the illness 
is more fulminating and may prove fatal. In at least 
6.2 per cent of cases, the acute disease has been tol. 
lowed by the chronic form without further exposure. 

Chronic beryllium disease often has an insidious 
onset with progressive shortness of breath, cough, 
small amounts of sputum and weight loss. The mor- 
tality in chronic beryllium disease is 27.5 per cent. 
The roentgenographic changes of chronic berylliosis 
have been divided into several stages. It is now clear, 
however, that rigid concepts of an orderly sequence 
of patterns do not hold true. Early, there may be dif- 
fuse granularity, suggesting abrasive paper or à 
“sandstorm” resemblance. This may be missed un- 
less the films are perfectly exposed. Later, a reticular 
pattern is seen and the hilar markings become indis- 
tinct. Then, nodulations 1-5 mm. in diameter are a 
common finding. The middle third of the lungs is most 
commonly affected and coalescence is not infrequent. 
Linear densities become prominent. Pneumothorax 
is not uncommon and slightly enlarged hilar and para- 
tracheal lymph nodes are seen in the majority of 
cases. Calcification is now seen more often. Correla- 
tion between the roentgenographic pattern, and the 
clinical status on pulmonary function is poor. The 
roentgenographic appearance of many examples of 
chronic beryllium disease is indistinguishable from 
sarcoidosis or miliary tuberculosis. Other chronic in- 
fections such as a mycosis, miliary carcinomatosis 
and silicosis must also be considered. 

Although the differential diagnosis includes sev- 
eral diffuse lung disorders with similar clinical roent- 
genographic and pathophysiologic features, sarco:- 
dosis is foremost among the diseases to be considered. 
Hilar lymphadenopathy is seen in 50 per cent of pa- 
tients with chronic beryllium disease (but large “‘po- 
tato nodes" of sarcoid are not found). The pathologic 
changes in the lung may be identical, and hypercal- 
curia and hypercalcemia may be observed in both. 
However, involvement of bone, parotid glands, eyes 
and skin does not occur in berylliosis and the Kveim 
test has never been positive. Tuberculosis and other 
mycotic infections must also be excluded. Other 
granulomatous disorders, particularly eosinophilic 
granuloma, farmer's lung, and related problems such 
as any other causes for interstitial fibrosis likewise 
must be excluded, especially in the later stages of the 
disease. 

The diagnosis must be based upon documented 
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exposure, however brief. After 20-25 year exposure, 
the presence of the disease may be discovered by rou- 
tine chest roentgenographic examination with symp- 
toms that are minimal or absent. A positive chemical 
beryllium assay of biopsy material is diagnostic if the 
histologic pattern is typical. Beryllium skin tests have 
been used but others have questioned their value. 
Urine beryllium assay, when positive, reflects recent 
exposure. 

The only specific therapy is administration of adre- 
nocorticosteroids; however, prevention plays the most 
Important role in the control of the disease. 
E. Nicholas Sargent, M.D. 


Larose, James H. Cavitation of missile tracks 
in the lung. Radiology, May, 1968, 90, 995- 
998. (From: Department of Radiology, Grady 
Memorial Hospital, 80 Butler Street S.E., 
Atlanta, Ga. 30303.) 

Penetrating gunshot injuries to the lung usually 
result locally in a central hematoma with peripheral 
contusion about the missile path. The over-all ex- 
tent of such injuries is variably depending upon the 
velocity and caliber of the projectile, whether it 
strikes bone before entering lung and is fragmented 
or rolling, and whether it severs major bronchi or 
vessels or passes primarily through alveolar tissue. 
Immediate post-trauma roentgenographic changes 
in the lung, then, are also variable, as are the changes 
seen with healing, notwithstanding later complica- 
tions. 

In uncomplicated parenchymal type missile injur- 
ies the hazy contusion will gradually clear over about 
a one week period and the more solid hematoma will 
resolve in several weeks to several months. The au- 
thor points out that in some cases, 4 of 62 cases re- 
viewed, a clear center may be seen along the missile 
track several days following the injury. This is best 
observed when the track is viewed ez face and prob- 
ably represents air. The air may be present imme- 
diately following the injury and not be seen for sev- 
eral days until the contusion begins to clear, or the 
air may replace serum or blood draining into a 
bronchus from the missile cavity several days after 
injury, or both mechanisms may be present. 

All 4 of the author's cases resulted from .22 caliber 
missiles in which the normal lung structure was not 
greatly altered and the local contusion was slight, 
allowing for an unimpeded view of the missile track 
and rapid clearing so the air cavity could be viewed 
after several days.—V’. B. Brasseur, M.D. 


McCarruy, D. S. Bronchiectasis in allergic 
bronchopulmonary aspergillosis. Proc. Roy. 
Soc. Med., May, 1968, 67, 503-506. (From: 
Department of Clinical Immunology, Bromp- 
ton Hospital, London, England.) 


In this case report the immunologic and roentgeno- 
logic findings were compatible with the diagnosis of 
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allergic bronchopulmonary aspergillosis. What is un- 
usual in an otherwise rather typical history is the 
complete absence of symptomatic or clinically de- 
tectable asthma. In the author's experience this is 
very rare. The absence of asthma might perhaps de- 
lay diagnosis, as appeared to have occurred in this 
case. 

This patient had had recurrent episodes of febrile 
respiratory illnesses since 1953. These episodes ad- 
hered to a basic pattern, with fever, chest pain, and 
cough productive of purulent sputum which occa- 
sionally contained plugs and blood. Noteworthy in 
the history is the absence of symptomatic asthma. 
Aspergillus fumigatus was cultured in 1 specimen out 
of 4 in this patient. Microscopy of a plug confirmed 
that it consisted mainly of mucus with many eosino- 
phils. A bronchial challenge with extract of Aspergil- 
lus fumigatus provoked an immediate asthmatic reac- 
tion, coming on in § minutes, and reversed by iso- 
prenaline. Chest roentgenogram showed a massive 
opacity in the right middle lobe and lingula. Previous 
roentgenograms had shown a shadowing in the upper 
lobes and in the right lower lung. A tendency for the 
shadowing to recur in the same areas was noted. A 
bronchogram in October 1967 showed that exten- 
sive and gross bronchiectasis had developed during 
the intervening years.— Douglas S. Kellogg, M.D. 


Pisko-Dusiensk1, Z. A. A new approach to 
pulmonary embolism. Brit J. Surg., Feb., 
1968, 55, 138-145. (From: Department of 
Thoracic Surgery, London Hospital, London, 


England.) 


The author reports 6 cases of pulmonary embo- 
lectomy. Three of them were studied before the arti- 
cle was written and 3 following submission of the 
article for publication. 

All of the cases are well supported by description 
in detail of the clinical findings, treatment, and dis- 
position of the patients. Review of the literature is 
also included in the article-—David C. Alftine, M.D. 


CasTELLINO, Ronan A., BLANK, NORMAN, and 
ApAMs, Doucrass F. Dilated azygos and 
hemiazygos veins presenting as paravertebral 
intrathoracic masses. New England Y. Med., 
May 16, 1968, 278, 1087-1091. (From: The 
Department of Radiology, Stanford Univer- 
sity School of Medicine, Palo Alto, Calif. 
94304-) 

The authors report 2 examples of mass shadows in 
the paravertebral areas of the thoracic spine. 

The differential diagnosis of these paravertebral 
masses includes benign and malignant tumors, neu- 
rofibroma, ganglioneuroma, lymphoma, chondroma 
and pheochromocytoma, congenital anomalies such 
as gastroenteric cyst and meningocele, paraspinal 
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abscess, post-traumatic hematoma and extramedul- 
lary hematopoiesis. 

Reproductions of the roentgenograms, using con- 
trast agent to outline the dilated azygos and hemia- 
zygos complex, together with anatomic drawings are 
presented. 


This is a notable addition to the literature.— 
David C. Alftine, M.D. 


SecKER-WALKER, R. H. Scintillation scanning 
of lungs in diagnosis of pulmonary embolism. 
Brit. M. J., Apr. 27, 1968, 2, 206-208. (Ad- 
dress: Lecturer in Medicine, University 
College Hospital Medical School, London 
W.C.1, England.) 


Lung scannings were performed on more than 200 
occasions with Tc#™ MAA, without observing any 
untoward reactions. 

An individual lung scan is not diagnostic of the 
underlying disease, although it may be suggestive of 
pulmonary embolism. Patients with bronchial 
asthma or with chronic bronchitis and emphysema 
may have uneven pulmonary perfusion. 

In patients suspected of having pulmonary em- 
bolism, lung scanning contributed to the diagnosis 
in 72 per cent of these patients (supported in 50 
per cent and excluded in 22 per cent). In 18 per cent, 
the scan was considered not helpful and in 10 per cent 
there was a suggestion of pulmonary hypertension. 

Repeat scannings after pulmonary embolism 
showed variable restoration of pulmonary perfusion. 
Complete restoration never occurred before 8 days. 
Most defects took 3 to 4 weeks to disappear. New 
defects were seen, at times, in patients on anti- 
coagulant therapy, suggesting failure of treatment 
and the need for further measures such as inferior 
vena caval plication.—George A. Miller, M.D. 


Austen, W. GERALD, Sokor, Davin M., DE- 
Sanctis, Roman W., and SANDERS, CHARLES 
A. Surgical treatment of papillary-muscle 
rupture complicating myocardial infarction. 
New England J. Med., May 23, 1968, 276, 
1137-1141. (From: Departments of Surgery 
and Medicine, Harvard Medical School, and 
the General Surgical and Medical Services, 
Massachusetts General Hospital, Boston, 
Mass. 02114.) 


Rupture of an infarcted papillary muscle accounts 
for a small but significant mortality in acute myocar- 
dial infarction. Because each papillary muscle sup- 
plies chordae to the edges of both leaflets of the 
mitral valve, disruption of either papillary muscle 
results in severe mitral incompetence. 

With the advent of open-heart surgery, a ruptured 
papillary muscle is now a potentially remediable 
lesion. 

This report summarizes the authors' experience 
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in the original patient and 4 subsequent ones with 
ruptured papillary muscle secondary to myocardial 
infarction operated upon at the Massachusetts 
General Hospital, Boston, in the past 23 
Four of these 5 patients survive. 

A summary of the pertinent clinical and surgical 
data is presented in tabular form. The few patients 
in the present series were quite ill before surgery. 
'The authors considered it particularly important to 
employ a technique that relieved mitral regurgitation 
with a very high degree of certainty. For this reason, 
valve replacement was chosen in all cases. The re- 
sults in this relatively small group of patients ap- 
peared satisfactory and effective. 

Severe congestive heart failure eventually de- 
veloped in all patients before valve replacement. 
There is no doubt that ruptured papillary muscle 
causes rapid and progressive cardiac deterioration, 
so that most, if not all, of these patients will re- 
quire surgical repair if they survive long enough. 

Previous experience in the surgical management 
of this problem is sparse. 

The prognosis in papillary muscle rupture IS 
dictated in large measure by the severity and extent 
of the underlying myocardial infarction. Prolonged 
survival is more likely if the area of infarction is 
fairly well localized to the region of the papillary 
muscle without much damage to the adjacent 
myocardium. 

Four of the 5 patients had rupture of the posterior 
papillary muscle, a predominance previously noted 
in the literature since this muscle is more sparsely 
perfused than the anterior. 

The clinical picture in these 5 patients was remark. 
ably similar. All patients exhibited a loud Grade 3 
4 or 6 apical pansystolic murmur characteristic of 
mitral insufficiency. [n addition, all 5 had ventricular 
gallops, and 1 an atrial gallop as well. 

Radiologically, the relatively small left atrium in 
the presence of obvious mitral insufficiency is char. 
acteristic of severe mitral insufficiency that has been 
present for only a brief time. 

Catheterization of the right side of the heart, 
combined with the clinical picture, usually sufhces 
for diagnosis. Giant systolic waves in the pulmonary 
wedge tracings are the most hemodynamic findings. 
A considerably elevated pulmonary arteriolar resis- 
tance usually found was of interest; this suggests 
that pulmonary vasoconstriction may be a frequent 
accompaniment of severe mitral regurgitation of 
relatively recent onset. 

If in the course of infarction a systolic murmur 
appears for the first time, the patient is followed 
closely. In addition to papillary muscle rupture, or 
rupture of the interventricular septum, a murmur of 
mitral insufficiency appearing in acute myocardial 
infarction may be caused by either papillary muscle 
dysfunction or relative mitral insufficiency from ad- 
vanced left ventricular failure and dilatation. As long 
as the patient remains well compensated on medical 


years. 
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management, he is watched. If the murmur is ini 

tially associated with severe decompensation, or if 
progressive congestive heart failure appears in a 
patient who is being followed, cardiac catheterization 
is performed to delineate as precisely as possible the 
cause of the murmur. If the study confirms the pres- 
ence of severe mitral regurgitation, surgery is under- 
taken.—Stephen N. Tager, M.D. 


FRANK, A., and BEnNanp, U. Bacterial endo- 

carditis limited to the tricuspid valve. Ger- 
Med. Monthly, March, 1968, 73, 
123. (From: The Department of Medicine, 
Miners’ Hospital, Dortmund-Brackel, 


man 


(ser- 
many). 


tricuspid 
lacking characteristic 
It affects congenitally 
abnormal valves more often than intact ones, as the 
latter are less likely to provide anatomic and hemo- 
dynamic conditions favoring its development. The 
frequency is reported at 4 per cent of all cases of 
bacterial endocarditis (including those with congen- 
ital valve defects). 

A 39 year old woman was in the hospital for 80 
days before her death. Clinical examination of the 
heart revealed a normal size, normal sounds and a 
rate of 100 beats/min. The roentgenological exami- 
nation was normal. Likewise the electrocardiogram 
showed no abnormality. Despite intensive leuko- 
mycin (chloramphenicol) treatment, blood trans- 
fusions, and gamma globulin, the temperature rose 
again after 4 weeks. 

The fever continued and the general condition 
Death was due to right-sided heart 


bacterial endocarditis of the 
uncommon. Often 
features, it is rarely diagnosed. 


Isolated 
valve IS 


became worse. 
failure. 

At necropsy, the endocarditis was confined to the 
tricuspid valve, with ulcerating vegetations, com- 
plete destruction of the septal cusp and formation 
of large fibrinous thrombi. 
endocarditis were found on the wall of the right ven- 
tricle and anterior surface of the tricuspid valve. 

Tricuspid endocarditis is unusual in that murmurs 
can be absent, and the roentgenologic findings may 
appear normal increasing the difficul- 


Stephen N. Tager, M.D. 


diagnostic 


ties. 
ABDOMEN 


BARICHELLO, A. W., PiMBLETT, T., Dyck, F. 
J., and McFappen, D. Rupture of the stom- 
ach therapy by nasal 
catheter: report of a case and review of the 
literature. Canad. M. A. J., May 4, 1968, 98, 
855-858. (From: The Departments of Sur- 
gery, Anesthesiology, Obstetrics and Gynecol- 

University of Saskatchewan, Saska- 

Saskatchewan, Canada.) 


A case of rupture of the stomach following the 


following oxygen 


ogy, 


toon, 


Pa 


Fine verrucous lesions of 
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administration of oxygen by nasal catheter is de- 
scribed and the literature is reviewed. Only 8 cases 
have been reported to date, despite the wide use of 
nasal catheters for the administration of oxygen. 
The over-all mortality rate in the 8 cases reviewed 
was 75 per cent; this is slightly higher than the mor- 
tality for cases of spontaneous rupture of the stomach 
reported in the last 2 decades (60 per cent). The rup- 
ture due to the nasal catheter can occur at any age 
and all the cases reported in adults to date have been 
in females (41-89 years). 

The cause of rupture has been attributed to an in- 
creased intraluminal pressure as a result of an air 
sucking mechanism, probably because air is sucked 
into the stomach due to relaxation of the superior 
esophageal sphincter. Normally, the cricoph: aryngeal 
tonic contr; action, preventing 
the intake of abnormal quantities of air into the 
esophagus and stomach, 


muscle mi untains a 
but surgical procedures, 
anesthesia, and pain may rel ax this important sphinc- 
ter. Thus, with the increased negative pressure in the 
esophagus during inspiration, the air is aspirated 
directly into the stomach dilatation. 
l'urthermore, there is probably a moderate impair 


causing 


ment of the passage of air at the level of the py liis 
owing to a reflex ileus (it is well proved that swal- 
lowed air may go as far as the cecum in 14.6 minutes 
and may be expelled as flatus in 30 minutes). 

[f the increase in the intragastric pressure occurs 
abruptly, the patient capacity to 
vomit or eructate as a result of the occlusion of the 


also loses the 


gastroesophageal junction caused by increased an- 
gulation of the esophagus against the fixed fibers of 
the right crus of the diaphragm. 
one-way valve at the level of the gastroesophageal 
junction (in which the air is propelled down by the 
esoph: igeal peristalsis) and the intragastric pressure 
increases uim the ultimate rupture of the wall. 


This produces a 


The position of the tip of the oxygen catheter 
probably plays an important role and special cathe- 
ters have been devised to maintain the tip proximal 
to the uvula at a distance of 13-13. § cm. from the 
external nares. Introducing the catheter beyond the 
uvula into the lower pharynx is probably a determin- 
ing factor in aiding in the gastric rupture. 

Routine roentgenograms of the chest and abdomen 
are important for the diagnosis (both pneumoperi- 
toneum and subcutaneous emphysema were found 
in this case). Diatrizoate methylglucamine 76 per 
cent (gastrografin) instillation 
through a nasogastric tube might be helpful in 
doubtful cases (although it did not contribute to the 
diagnosis in the present case). 

The length of time in w hich gastric rupture may 
occur after the insertion of the nasal catheter 
minutes. 


swallowed or by 


Can 
be as short as 10 

Operation must be carried out as soon as the di- 
agnosis 1s established. The gastric contents are ex- 
pelled into the peritoneal cavity as the result of the 
explosive rupture of the gastric wall and there is no 
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place for conservative treatment.— /. Nicholas Sar- 
gent, M.D. 


EapiE, D. G. A., and Porrock, D. J. A compli- 
cated aortoduodenal fistula: a case report. 
Brit. J. Surg., Apr., 1968, 55, 314-317. (Ad- 
dress: Dr. D. G. A. Eadie, Senior Lecturer, 
Surgical Unit, The London Hospital, London, 
England.) 


Primary aortoduodenal fistula is an unusual 
complication of abdominal aortic aneurysm. The sub- 
ject was reviewed by Baumler (1961), who was able 
to find $2 cases and added 1 of his own. Up to that 
time there had been no survivors treated for this 
condition. During the past 5 years further cases have 
been reported who have undergone successful 
treatment. A final feature of unusual interest in the 
case reported here is the finding of areas of caseating 
tuberculous foci outside the wall of the aneurysm. 
The patient had complained of low back pain for 
about 12 months, and was treated for osteoarthritis. 
Five days before his admission to hospital he 
noticed some fresh blood in the stool, and he had a 
transient episode of syncope. On examination a tender 
pulsating mass was felt in the epigastrium. A ten- 
tative diagnosis of aortoduodenal fistula was made. 

At surgery a large abdominal aortic aneurysm was 
found. The third part of the duodenum was sepa- 
rated from the anterior wall of the aneurysm, and a 
fistula 1 cm. in diameter was noted between the aor- 
ta and the posterior wall of the duodenum. The de- 
fect in the duodenum was closed, and the aneurysm 
was replaced with a knitted dacron bifurcation 
graft. For the first week he maintained an uninter- 
rupted postoperative course and was out of bed 
walking on the fifth day. On the sixteenth and seven- 
teenth days after operation his temperature rose to 
101° F. Twenty-one days after operation he com- 
plained of backache and a feeling of nausea, and he 
passed another chocolate-red stool. A diagnosis of 
leaking false aneurysm was made and further opera- 
tion was decided upon. At surgery, a large false an- 
eurysm was found around the graft above the aortic 
bifurcation. Two small abscess cavities were noted. 
The third part of the duodenum was again firmly 
adherent to the wall of this false aneurysm, and in 
the process of dissection a further fistula was dis- 
covered between the suture line and the third part 
of the duodenum adjacent but not involving the 
original fistula. When attempting repair of this, he 
developed a cardiac arrest and died. 

In this patient it is considered that infection 
brought about disruption of the proximal suture line 
which resulted in a false aneurysm and a further fis- 
tula into the duodenum. In order to prevent contam- 
ination of the operative field at the primary opera- 
tion, resection of the third part of the duodenum or 
the bowel and the fistula should be undertaken ez 
bloc. The discovery of caseating tuberculous foci 
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adjacent to the wall of the aneurysm suggests the 
possibility that the fistula may in some way have 
been related to this disease. However, there was am- 
ple evidence to show that the main etiologic factor 
responsible for the aneurysm was atherosclerosis. 

'The case reported has 3 aspects of unusual inter- 
est: (1) he presented with a primary aortoduodenal 
fistula; (2) after surgical treatment he developed a 
secondary aortoduodenal fistula; and (3) tubercu- 
lous disease was discovered in relation to the wall of 
the aneurysm.—Douglas S. Kellogg, M.D. 


KniEssMANN, A. Die hypotonische Duodenog- 
raphie. (Hypotonic duodenography.) %ort- 
schr. a. d. Geb. d. Réntgenstrahlen u. d. 
Nuklearmedizin, Apr., 1968, 708, 464-474. 
(From: Róntgenabteilung der Chirurg. Univ.- 
Klinik, 69 Heidelberg, Germany.) 


Hypotonic duodenography represents a refined 
method of diagnosing postbulbar lesions. A duodenal 
tube is introduced with the tip extending beyond the 
pylorus and a spasmolytic agent 1s administered 
parenterally. When peristalsis comes to a halt and 
the intestinal spasm is relaxed, 20 cc. of a thin barium 
mixture or gastrografin is injected through the tube 
and aspirated immediately afterward. Thereby, 
only traces remain for coating of the mucosa. The 
opaque fluid is then replaced by air, injected in 
amounts of 300 to 400 cc. Thus, a double contrast 1s 
effected. Roentgenograms are obtained in the su- 
pine, prone, right lateral and both oblique positions. 

Hypotonic duodenography was performed in 65 
patients. Various spasmolytic drugs were tried. In 
the last 35 cases of this series, bucospan, intrave- 
nously injected, proved to be most effective and de- 
pendable. Two minutes after the injection, relaxa- 
tion set in and lasted for 15 minutes. Previously in- 
conclusive findings were clarified and surgically 
verified in 47 of the 65 patients, but of 40 of the 
series with abnormal findings only 36 came to oper- 
ation. 

The method is indicated when the postbulbar por- 
tion of the duodenum is not adequately unfolded due 
to overlapping of gastric antrum and intestinal 
loops. At times, difficulties also arise from topical 
anomalies, postoperative conditions, spasm and hyper- 
peristalsis. In such instances, the induced hypotonic 
state overcomes difficulties of visualization. The 
duodenum unfolds, so that mucosal relief and details 
of wall contour are displayed. The method also aids 
in the diagnosis of duodenum inversum, diverticula, 
transduodenal papillotomy with retrograde filling of 
bile ducts, postbulbar ulcer or neoplasm with steno- 
sis, edema of the papilla, stenosing papillitis, cyst of 
the pancreatic duct, pancreatitis and cancer of the 
head of the pancreas.—Ernest Kraft, M.D. 


Devun, H. Brennan, WirLiAMs, R. S. Mav- 
RICE, and Pierce, J. W. (London, England.) 
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Presentation of midgut malrotation in adults. 
Brit. M. J., March 30, 1968, Z, 8035-807. 


/ 


Midgut malrotation has been described as a com- 
mon cause of intestinal obstruction in infants but 


only rarely has the entity been described as a cause of 


symptoms in adults. The authors report 5 cases they 
have seen in the past 18 months at St. Thomas's 
| lospital. 

These patients have many features in common so 
that the diagnosis may be suspected clinically. All 
patients gave a history of recurrent abdominal colic 
at intervals of few weeks to months since childhood. 
These attacks were often severe and abrupt in onset 
and tended to fade out after 24—72 hours. Abdominal 
distention was not a significant feature. The attacks 
were always accompanied by vomiting and ended in 
à bout of diarrhea which was frequently blood 
stained. The patients showed no abnormality be- 
tween attacks and no precipitating cause was known. 

These patients had been permitted to suffer these 
symptoms without a specific diagnosis and 3 had 
received treatment for "psychiatric problems" de- 
spite the fact that an upper gastrointestinal exam- 
ination had been performed on all patients pre- 
viously. This occurred presumably because after the 
first portion of the duodenum was observed, no fur- 
ther study of small bowel anatomy or transit time of 
contrast material was obtained. 

The authors emphasize that recurrent abdominal 
colic in healthy individuals may be 
caused by developmental anomalies of the gut and, 
although rare, they should be properly excluded be- 
fore the patient is labeled a psychiatric problem.— 


John Truksa, M.D. 


otherwise 


SKELETAL SYSTEM 


WinTER, RosERT B., Mor, Joun H., and 
EILERS, Vincent E. Congenital scoliosis: a 
study of 234 patients treated and untreated. 
J. Bone © Joint Surg., Jan., 1968, 504, 1-47. 
(Address: Dr. Robert B. Winter, 393 North 
Dunlap, St. Paul, Minn. 55104.) 


Congenital anomalies of the spine which produce 
scoliosis are frequently associated with other anom- 
alies. Scoliosis, with the apex of the curve at the 
curve of the cervicothoracic junction was often asso- 
ciated with anomalies of the upper limbs. In the 
thoracic area, it was frequently accompanied by car- 
diac anomalies, and the lesions in the lumbar area 
tended to be associated with anomalies of the lower 
extremities or genitourinary tract. The scoliosis is 
usually slowly but relentlessly progressive, particu- 
larly in the thoracic region when caused by unseg- 
mented, unilateral bars. Rapid progression of the 
curve during the pre-adolescent growth spurt was 
typical of cases with thoracic or thoracolumbar 
hemivertebrae. The authors feel that unacceptable 
deformity results if active treatment is not given. 
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Except for the unsegmented, unilateral bar, the 
specific anomaly present was of less prognostic value 
than the pattern of the curve and the area of spine 
involved. 

Routine roentgenograms for proper evaluation of 
the spine include anteroposterior proJections, stand- 
ing, sitting, and supine, with right and left supine 
bending views. A lateral standing and at least one 
anteroposterior standing roentgenogram, which in- 
cludes the entire spine and pelvis, should also be ob- 
tained. In severe deformities, laminograms may be 
necessary and myelography is indicated if there is a 
neurologic deficit distal to the abnormal region of the 
spine. 

Non-operative treatment using the Milwaukee 
brace is emphasized with listing of indications for its 
use. In those cases where correction and fusion are 
necessary, the operation can be less extensive if the 
Milwaukee brace is used postoperatively during 
growth. The most effective surgical procedures were 
correction and fusion and osteotomy of unsegmented 
bars. Pelvic obliquity was found to require surgery 
with fusion of the lumbar spine to the sacrum in the 
compensated position.—fames R. Knapp, M.D. 


AMUSO, SAMUEL JOSEPH. Diastrophic dwarfism. 
J. Bone & Joint Surg., Jan., 1968, 50.4, 1 I3— 
122. (Address: 125 DeSoto Street, Pittsburgh, 
Pa. 15223.) 


Diastrophic dwarfism, originally was considered 
an atypical form of achondroplasia and was reported 
by Lawy and Marateaux in 1960. Eleven other cases 
were found under various titles. 

The syndrome is generally characterized by short 
limbed dwarfism, club feet, cleft palate, distinctive 
deformities of the hands and external ears, a pro 
gressive scoliosis sometimes associated with kypho- 
sis, and a limitation of mobility of some joints. This 
is accompanied by a tendency to subluxation and dis. 
location. Abnormalities of the skin, teeth, hair, and 
nails are not present. Rubin has classified this dis 
ease as an epiphyseal dysostosis. About 30 cases have 
been reported in the world literature, males and fe- 
males being affected with equal frequency. 

The roentgen findings are a normal skull, with 
some flattening and kyphosis of the cervical spine. 
Subluxation of the cervical vertebrae may result in 
an abnormal suboccipital articulation. The inter- 
pedicular distances are normal or only slightly nar- 
rowed in the lumbar spine. Thoracic scoliosis or 
kyphoscoliosis becomes evident in childhood and in- 
creases in severity with age. The iliac bones are 
distorted and the sacrum and pelvis tilted poste- 
riorly. The acetabulum is wide and irregular. The 
femoral neck is short and wide and a prominent fea 
ture 1s coxa vara with subluxation or dislocation. The 
long bones are short and massive with flattened, dis- 
torted, irregular epiphyses and broad, flared meta- 
physes. A less constant finding is disproportionate 
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shortening of the ulna and fibula. The distal femoral 
epiphyses are triangular with the apex directed to- 
ward the metaphyses. The hands have characteristic 
shape with a short thumb because the first metacar- 
pal is particularly abnormal with an oval or triangu- 
lar shape. Severe equinovarus deformities of the feet 
are present, and the first metatarsal is particularly 
short and ovoid. 

No chromosomal abnormalities have been detected 
in those cases studied.— ames R. Knapp, M.D. 


SALTER, Ropert B. Etiology, pathogenesis and 
possible prevention of congenital dislocation 
of the hip. Canad. M. A. J., May 18, 1968, 
98, 933-945. (Address: Surgeon-in-Chief, The 
Hospital for Sick Children, 555 University 
Avenue, Toronto 2, Ontario, Canada.) 


'This is a very extensive, comprehensive and, I be- 
lieve, fairly complete discussion on this subject. The 
abstract will necessarily be quite lengthy. 


1. Facts Concerning Embryology. 


The author states that Strayer established the 
fact that the hip joint develops from a single mass of 
mesodermal tissue in the blastema, or primary limb 
bud. By about the tenth week, joint space appears in 
this mass of mesodermal tissue and joint movement 
becomes possible. Therefore, it would seem reason- 
able to assume that the hip joint is not dislocated 
from the beginning of its formation, but that some- 
thing must happen to it during its late prenatal or 
early postnatal development that produces a dis- 
location. 


2. Facts Concerning Anatomy. 


The normal hip joint is one of the most stable of all 
synovial joints in the body. Three structural factors 
contribute to this stability: the shape of the opposing 
bony and cartilaginous joint surfaces of this ball and 
socket joint; the action of the muscles controlling hip 
movement; and the integrity of the capsule and 
ligamentum teres. From a clinical and roentgeno- 
graphic study, including arthrography, of congeni- 
tally dislocated hips in newborn infants, it is apparent 
that the shape of the joint surfaces is virtually nor- 
mal at birth; furthermore, the shape of the joint 
surfaces becomes progressively abnormal only if the 
hip remains dislocated during subsequent growth. 
Therefore, the shape of the joint surface at the time 
of birth cannot be an etiologic factor in the initial 
dislocation. The author has carried out some studies 
on the normal hip and stillborn infants. He concludes 
that the anatomic studies reveal that the normal hip 
can be made to dislocate only after the capsule and 
ligamentum teres have been divided. He also states 
that the most likely abnormality is a laxity of the 
joint capsule and the ligamentum teres. 


3. Facts Concerning Incidence. 


(a) General incidence. The general incidence is 
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approximately I to 1.5 per 1,000 live births. This 
incidence varies widely in different parts of the world 
suggesting that postnatal environmental factors may 
be superimposed upon the original congenital abnor- 
mality and have an effect, either for better or for 
worse, on the natural course of the condition. It also 
suggests that there may be a racial variation in the 
incidence of any underlying genetic factor. 

(b) Hereditary and familial incidence. In approxi 
mately 20 per cent of the children with congenital 
dislocation of the hip, a family history of the abnor- 
mality can be obtained. This means that in 80 per 
cent of the children the abnormality has appeared 
for the first time in the family. 

(c) Sex incidence. Eighty to ninety per cent of the 
children with congenital dislocation of the hip are 
girls. 

(d) Age incidence. The typical type usually occurs 
at or shortly after birth and in most infants probably 
within the first 2 weeks. Rarely, however, a case is 
seen in which the initial dislocation does not appear 
until the child begins to stand. In these children 
there is no dysplasia of the acetabulum, which is an- 
other reason why the author believes that dysplasia 
is secondary to the dislocation; that is, that the 
dysplasia is the result rather than the cause. 

(e) Geographic and racial incidence. This varies 
greatly. The lowest incidence is in Negroes of Centra! 
and South Africa, the Chinese of Hong Kong and 
Eskimos of Northern Canada. These people carry 
their children on their back with the legs in the posi 
tion of flexion and abduction. 

By contrast in those races in which the hips of new- 
born infants are commonly held in extension and 
adduction by various methods of swaddling, the 
incidence of congenital dislocation of the hip is re 
markably high. 

These observations suggest that a congenitally 
unstable and dislocatable hip, which has been main 
tained in the position of flexion and abduction during 
intrauterine life, is protected" by the postnatal 
position of flexion and abduction and made worse b: 
the postnatal position of extension and adduction. 

(f) Seasonal incidence. In some of the European 
countries it has been reported that there is a signifi- 
cantly higher incidence of congenital dislocation ot 
the hip in children who are born during winter 
months. This interesting seasonal incidence suggests 
the possibility that, when the weather is cold the 
newborn babies and young infants may be more 
tightly wrapped in blankets which passively extend 
the hips and limit the movement. 

(g) Incidence in relation to birth presentation. In 
one hospital they found that 23 per cent of all chil- 
dren with congenital dislocation of the hip had been 
delivered as a breech presentation, whereas in the 
normal population the incidence of breech presenta- 
tion is below $ per cent. Furthermore, the incidence 
of congenital dislocation of the hip is 10 times higher 
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in children born by breech presentation than in those 
born by vertex presentation. 


4. Facts About Physical Findings in Children. 


The author gives evidence indicating that the pri- 
mary problem in the newborn period is congenital 
laxity of the hip joint capsule and resultant instabil- 
ity of the Joint. 


5. Facts Concerning Dysplasia of the Acetabulum. 


The author also gives evidence suggesting that 
dysplasia is not a primary genetic defect of the 
acetabulum, but is rather secondary to displacement. 
He carries out some interesting experimental investi- 
gation on newborn pigs who support this contention. 


6. Facts Concerning Acetabular Direction. 


At birth, the normal acetabulum faces more for- 
ward and more laterally than it does in adult life and 
it Is presumed that the change in direction takes 
place gradually as the position of the hip changes 
from the intrauterine position of flexion and abduc- 
tion to the erect position of extension and adduction. 
However, if the hip dislocates at or shortly after 
birth, there is no longer any corrective force being 
applied to the acetabulum through the capsule and, 
as a result, the acetabulum continues to face rela- 
tively forward and laterally. This residual abnormal 
direction of the entire acetabulum is best appreciated 


in children over the age of 18 months at the time of 


open reduction for a congenital dislocation, particu- 


larly when compared with the normal acetabulum of 


a child of comparable age in the postmortem room. 
7. Facts Concerning Femoral Anteversion. 


At birth the average normal femoral anteversion is 
approximately 30°, but under normal circumstances 
it gradually decreases with subsequent growth to 10° 
or less. However, if the hip dislocates at or shortly 
after birth there is no longer corrective force being 
applied to the upper end of the femur and, as a re- 
sult, the femoral anteversion not only persists but 
may even increase. During the year or so following 
complete restoration of the stability of the hip in 
young children, the femoral anteversion corrects 
spontaneously with further growth. This observation 
suggests that the femoral anteversion, rather than 
being a cause of the dislocation, is a result of the dis- 
location. 

8. Facts Concerning the Hip Joint Capsule. 

The most significant anatomic finding in con- 
genital dislocation of the hip at the time of birth is 
laxity and elongation of the hip joint capsule and the 
ligamentum teres. 

9. Effects of Passive Extension of the Newborn Hip 
Joint. 

The author states that during the entire intrauter- 

ine period of development of the human hip joint, the 
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Joint is maintained in some degree of flexion in ever) 


single fetus. As a result, at the end of birth every in 
lant exhibits a marked hip flexion deformity which is 
associated with a tight iliopsoas muscle, a deformity 
which renders the hip vulnerable to passive exten- 
sion. He feels that it is reasonable to assume that in 
the presence of congenital lax hip joint capsule at 
birth, sudden, passive extension of the previously 
flexed hip joint by suspending the newborn infant by 
the feet may well lead to the initial dislocation. 
Furthermore, the habit of wrapping the newborn in- 
fant tightly with the hips in extension and adduction, 
in the presence of a lax capsule would seem to pro- 
duce a permanent dislocation of a previously only 
dislocatable hip. He believes that both of these 
practices are probably harmful and should be aban- 
doned. 


IO. Preventive Aspects. 


Early diagnosis and early expert treatment will 
continue to be extremely important in the clinical 
condition of congenital dislocation of the hip. How- 
ever, the possible prevention of the initial disloca- 
tion, or at least of a persistent dislocation, may be- 
come of even greater importance. It is quite possible 
that if infants' hip joints were never suddenly pas- 
sively extended—either at birth orshortly afterbirth- 
and if infants’ hips were never maintained in exten- 
sion and adduction for long periods during the early 
months of postnatal life, the initial dislocation in 
congenitally unstable or dislocatable hips might 
never occur. l'urthermore, if the hips of all infants 
were protected by maintaining them in mild flexion 
and mild abduction during this period, it is possible 
that if the congenitally dislocatable hip did in fact 
dislocate shortly after birth, it would not remain in 
the dislocated position and therefore would not be- 
come a persistent dislocation. 

As stated in the beginning, this is a very complete 
and interesting treatise on congenital hip.—C. Peter 


Truog, M.D. 


Bonciovannl, A. M., Atpum, M. M., Roor, 
A. W., Hope, J. W., Marino, J., and 
SPENCER, D. M. Studies in hypophosphatasia 
and response to high phosphate intake. 4m. 
J. M. $c, March, 1968, 255, 163-170. 
(From: Children's Hospital, Department of 
Pediatrics, School of Medicine, University 
of Pennsylvania, Philadelphia, Pa. 19146.) 

A patient with hypophosphatasia excreted large 
amounts of inorganic pyrophosphate and phos- 
phoethanolamine. 

Treatment with a high phosphate intake led to an 
increase in excretion of inorganic pyrophosphate and 
improvement in the calcification of bone. 

Studies of a number of members of the family of 
the propositus through 3 generations, none of whom 
had the clinical disorder, revealed elevated excretion 
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of both pyrophosphate and phosphoethanolamine in 
2 members and 4 others showed increases in one or 
other of the substances. 

It is believed that treatment of hypophosphatasia 
by employment of a high phosphate intake may be 
beneficial in this disorder.— David Morse, M.D. 


BLOOD AND LYMPH SYSTEM 


SrENTIFORD, N. H. Increasing the safety of 
selective angiocardiography. Clin. Radiol., 
Apr., 1968, 79, 192-195. (From: Shefheld 
Cardio-Thoracic Unit, Northern General 


Hospital, Sheffield, England.) 


The author describes the use of a sterile § per cent 
sodium bicarbonate solution which, introduced 
through catheters employed for intracardiac in- 
vestigation, provides a good electrolytic conductor 
permiting electrocardiographic monitoring. When 
the catheter tip containing the bicarbonate solution 
is in contact with the endocardium, a characteristic 
S.T elevation pattern occurs which can be recog- 
nized. This warns the operator that the catheter 
should be moved before any pressure injection is 
made. 

The author believes that intramural injections can 
be avoided by using this technique.—A. Pyle, M.D, 


Kiss, JosepH, Martin, J. R., McConnett, 
FLEMING, and WLopEK, G. Angiographic and 
lymphographic examination of neuropathic 
knee joints. Y. Canad. A. Radiologists, Mar., 
1968, 79, 19-24. (From: The Departments of 
Radiology, Medicine and Surgery, The Mon- 
treal General Hospital, Montreal, Quebec, 
Canada.) 


Arterial angiography and lymphangiography were 
used in the study of 4 patients with neurotrophic 
knee joints secondary to tabes dorsalis, in an at- 
tempt to determine whether local alterations in 
blood or lymph vessels might account for an in- 
creased susceptibility to staphylococcic infection, 
which Martin and Storey have recently reported in 
such cases. 

In all 4 patients, injection of the femoral artery 
and its branches and serial filming demonstrated an 
increase in the size and number of the blood vessels 
at the knee, and a rapid rate of flow. Lower extremity 
lymphangiograms were made in 3 of these patients; 
no abnormality was demonstrated.—Lois C. Col- 


lins, M.D. 


ANSELL, GEORGE. A national survey of radio- 
logical complications: interim report. C/z. 
Radiol., Apr., 1968, 79, 175-191. (From: 
'The Department of Radiology, Whiston Hos- 
pital, Liverpool, England.) 

The author reports a survey taken by circulation 
of questionnaires to 265 radiologists in Britain and 
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Northern Ireland. The survey is of great interest 
because it reflects the current practice of radiology 
and the complications which arise therefrom. Very 
complete reporting of the complications is given in- 
cluding clinical histories of the more interesting 
cases. It is pointed out that one-third of the cases of 
sudden death in the X-ray Department occur during 
routine examinations when the doctor is not present 
and the suggestion made that the radiographic 
staff should be conversant with emergency measures 
for the treatment of cardiac arrest. 

Necessarily, cardiovascular investigations are 
given some prominence. Deaths following angio- 
cardiography, paraplegia following  translumbar 
aortography, arterial occlusion and dissection fol- 
lowing Seldinger catheterization, peripheral nerve 
injury following axillary catheterization, and com- 
plications due to hypotension are all discussed. 

The minutiae of the report are of great interest 
and one can only recommend that this paper be 
read in the original, for what such papers are 
most helpful in doing is showing the defects in the 
practice of radiology today which, hopefully, can 
improve the standards of tomorrow.—R. Pyle, M.D. 


RADIOISOTOPES 


Briccs, RussELL C., and SKor, Roserr B. 
Choroid plexus meningioma of the lateral 
ventricle: two cases demonstrated by brain 
scanning. N. M. (F. Nuclear Med.), Apr., 
1968, 9, 131—134. (From: University of Wis- 
consin Hospitals, Madison, Wis.) 


Meningioma arising from the choroid plexus is a 
rare lesion. When it develops it usually originates 
from the choroid plexuses of the lateral ventricles, 
and as it grows in this location, it assumes the con- 
figuration of, and fills the cavity of, the lateral ven- 
tricle of origin. 

The authors show excellent scan localization in 2 
cases, employing Tc??? pertechnetate, after blocking 
the choroid plexus by the administration of a sat- 
urated solution of potassium 1odide. As expected, 
the scanned lesions occupy the general location of 
the posterior portion of the appropriate lateral ven- 
tricle. 

It is interesting to note that meningiomas in this 
unusual location can be localized as accurately as 
those in the more traditional sites of occurrence. 


F. F. Bonte, M.D. 


Jounson, Puitip C., Wane, Leo, MITCHELL, 
CHERYL, and PIrTLE, O. L. Mercury vapor- 
ization from radioactive chlormerodrin solu- 
tions. N. M. (J. Nuclear Med.), Apr., 1968, 9, 
145-147. (From: Methodist Hospital and 
Baylor University College of Medicine, 
Texas Medical Center, Houston, Texas.) 
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An interesting property of simple mercury com- 
pounds is that they will volatilize at room temper- 
ature. Chlormerodrin labeled with one of the radio- 
mercuries, is the commonly employed tracer for 
renal scanning, and is also used in many laboratories 
for brain scanning as well. This substance is a di- 
uretic, and its pharmacologic activity as such de- 
pends on the lability of a carbon-mercury bond. The 
authors therefore anticipated that 
chlormerodrin might be expected to contain free 
radioactive mercury, and to release radioactive 
vapors into the air because both elemental mercury 
and mercuric chloride might undergo vaporization. 
The authors’ study indicates that this phenomenon 
does indeed occur, and tracers of contamination can 
be discovered in areas in which radiomercury-la- 
beled chlormerodrin is used and stored. With the 
longer-lived isotope Hg?®, there may be a build up 
of residual contamination. This study also shows 
that radiomercury tended to adsorb to glassware, 
and to amalgamate into gold jewelry, such as rings. 

Although the authors did not encounter dangerously 
high contamination levels in their own laboratory, 
the property of radiomercury compounds which 
they have described is a highly significant one. It 
probably represents yet another contraindication 
to the storage and use of Hg?*. labeled tracers.— 


Frederick F. Bonte, M.D. 


Burrows, E. H., Kimper, P. M., and Gop- 
DARD, B. A. Brainscanning with radioindium. 
Brit. M. F., Apr. 6, 1968, 2, 29-30. (Address: 
Dr. E. H. Burrows, Consultant Neurora- 
diologist, Department of Neuroradiology, 
Wessex Neurological Centre, Southampton, 
England.) 


In™™ and Hg!” were used as brain scanning agents 
in 7 patients. Three of the cases were rescanned using 
different activities of In’™, 

The results of the In'™™ brain scans were evaluated 
by comparing them with the Hg!?? brain scans, the 
final diagnoses and the activity of the [n'?", A firm 
final diagnosis was made in 6 cases, and in 1 case a 
parietal lobe tumor was diagnosed clinically and in 
whom the In?" and the Hg!’ brain scans and all 
other investigations were negative. 

The I[n'?" and the Hg!” scans were comparable. 


The higher energy gamma radiation of In?" was of 


value in a tumor case in which the contralateral scan 
was faintly positive and was negative in the Hg!” 
scan. 

There was a good correlation with the final diag- 
nosis and the brain scans, except in 1 case in which 
both radioisotopes gave false negative results and in 
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which carotid angiography showed the presence of 
an avascular frontal mass which was thought to be 
a hematoma. 

Positive results were obtained with all 3 doses of 
[n!?? used (1.5 mc, 3 mc, and 5 mc). The count rate 
using I.§ mc was too low and disappeared too rapidly 
for a satisfactory examination. 

The radiation dose per mc of In!!?" is 160 mil- 
lirads to the kidney and 10 millirads to the whole 
body. The corresponding radiation doses for Hg! 
are 5 rads and 17 millirads, respectively. 

The short half life (1.7 hours), the gamma energy 
of 0.39 mev., the lower radiation dose, and the non- 
toxicity of [n!?" make it the radioisotope of choice 
for brain scanning.—Charles W. Cooley, M.D. 


ALFFRAM, PER-AXxEL, and LINDBERG, Lans. 
External counting of *Sr in vertebral frac- 
tures. 7. Bone S Joint Surg., Apr., 1968, 504, 
563-569. (From: The Department of Or- 
thopaedic Surgery and the Isotope Labo- 
ratory of the Department of Internal Med- 
icine, Malmó General Hospital, University of 
Lund, Malmö, Sweden.) 


Sr? has been used to study bone metabolism, as 
the metabolism of strontium closely parallels that of 
calcium. Intravenously administered strontium is in- 
corporated to a greater degree in localized bone le- 
sions with an elevated mineral turnover than in 
normal parts of the skeleton. 

Fifty-one patients with vertebral fractures were 
studied. The time between injection of Sr* and the 
fracture was from 5 days to 131 years. Fifty uc Sr* 
was given intravenously, and 2 weeks later external 
counting was done over 12 levels of the spine from 
C-7 to S-1. The activity values were recorded and 
curves were made and compared with normal curves 
obtained from pooled data from 37 normal spines. 

Marked activity peaks were noted in patients in- 
jected as early as 5 days after the fracture. Twenty- 
five of the 26 cases that were examined during the 
first 6 months after the fracture showed considerably 
elevated activity over the fracture site. Approxi- 
mately one-half of the 11 cases examined 6 to 18 
months after the fracture showed increased activity 
values, whereas only 1 out of 18 cases had an in- 
creased activity value 18 months after the fracture. 

This study showed that the increased turnover in a 
fractured vertebra reached the highest value within 
a few weeks and gradually lessened with the passage 
of time. The decrease in activity occurs more rapidly 
in cancellous than in cortical Charles W. 
Cooley, M.D. 
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AGA Introduces Color Thermography 


AGA Color Thermography now offers 
accurate, quantitative analysis of 
thermal patterns. Each color in the 
thermogram represents an area of 
identical temperature corresponding 
to the calibrated color scale on the 
bottom of the picture. Relative to this 
reference scale degree differentials 
can be precisely determined with an 
optimum accuracy of .2°C. The 
illustrated thermogram of a woman's 
torso shows 1°C differential between 
colors, white being the highest 
temperature level. 

We believe this innovation will 
further advance thermography as 

a practical diagnostic tool. 


$ For further information, contact: 
AGA AGA Corporation 
550 County Avenue 
: Secaucus, New Jersey 07094 
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Continuous scan thermography 


Thermovision the first thermal pattern can be taken in be recorded on film in form of 
and only thermographic seconds on Polaroid, 35mm or superimposed isotherms which 
equipment offering 70mm film. make secondary analysis of 
continuous image How do those features of thermograms unnecessary. 
presentation for AGA Thermovision improve 


medical diagnosis current procedure of producing 
thermograms? 


4 Transient temperature 
conditions like those resulting 
from artificial cooling of certain 
Thethermal meses of the 1 The time a patient has to spend areas, or from the injection of 
human body appears live ona in front of the instrument is drugs which affect the heat 
» TV-like cathode ray tube on reduced to a minimum, due to pattern temporarily, can be 
which the brightness level in the Thermovision's rapid scan of 16 observed while the thermal 
picture corresponds to the frames per second. Particularly changes occur. 
temperature level in the heat in large scale screening We believe the versatility 
pattern. Measurements of programs, this isavitalcostfactor. and efficiency of AGA 
a s 2 Sensitivity range, brightness Thermovision will help improve 
; level and contrast can be adjusted thermographic techniques and 
Superimposed isotherms with an 
to optimum settings before a open doors to new approaches in 


accuracy of .2? C. 
For the medicalrecordofthe Photograph of the image is taken. thermography. 


patient, a photograph of the 3 Accurate quantitative data can For further information, contact: 
thermovision 


| AGA 


thermovision 


uy 


AGA Corporation 
550 County Avenue 
Secaucus, New Jersey 07094 
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SQUIBB 


a research concept in nuclear medicine 





Introducing 


new Technetope II 


Squibb Technetium 99m 
STERILE GENERATOR 


A FAR SIMPLER GENERATOR ... 

Hooks, hangers, and handles complicate assem- 
bly, so you won't find any on Technetope ll. It's so 
simple that, after the usual aseptic techniques, 
assembly consists basically of two insertions into 
the generator column. Then attach an eluent bot- 
tle, an evacuated collecting vial, and milk. That's 
simplicity. 


... DESIGNED WITH "''T.D.S." IN MIND 

Time: Technetope ll simplicity reduces assembly 
time...keeping radiation exposure to a minimum. 
However, proper radiation safety precautions 
should be maintained at all times. 

Distance: Technetope ll allows you to keep your 
distance. You don't have to be constantly near the 
generator because it is self-milking. And eluate 
collection is made at the side of the unit — away 
from an unshielded port. 

Shielding: Technetope ll has another half-value 
layer of lead shielding—without adding a cumber- 
some dispenser, additional cost, or special con- 
tract. 


In addition, Technetope ll is readily adaptable 
to tandem milking which provides high concen- 
trations of ??"Tc per ml.— another Squibb first 
and exclusive. 


Technetope I! (Squibb Technetium 99m) Ster- 
ile Generator provides a means of obtaining a 
sterile, non-pyrogenic supply of Technetium 99m 
(°°"Tc). "Tc, the short-lived daughter (T7 = 6 
hours) of Molybdenum 99 (°°Mo, T — 67 hours), 
is obtained from the generator by periodic elu- 
tion. The amount (in millicuries) of **"Tc obtained 
in the initial elution will depend on the original 
potency of the generator, while the activity ob- 
tained from subsequent elutions will depend on 
the time interval between elutions. 


Warning: Proper radiation safety precautions 
should be maintained at all times. The column 
containing ?**Mo need not be removed from the 
lead shield at any time. The radiation field sur- 
rounding an unshielded column is quite high. 
Solutions of ??"Tc withdrawn from the generator 
should always be adequately shielded. The early 
elutions from the generator are highly radioac- 
tive. For radiation protection, a lead shield for 
the collecting vial is included with Technetope ll. 


For additional information on this advanced 
generator or the tandem milking technique, 
please use the coupon below. 


| would like to receive full information on: 


C] Technetope® II (Squibb Technetium 99m) 
Sterile Generator 


C] Tandem Milking with Technetope lI 


Please attach this coupon to your letterhead 
and mail to Medotopes Customer Service Dept., 
P.O. Box #7, East Brunswick, N. J. 08816. 


Squibb Division of Nuclear Medicine 
East Brunswick, New Jersey 08816 





STUDIESOFTHE 
KODAK RP X-OMAT SYSTEM 
ANSWER THE QUESTION: 
WHAT ABOUT RESULTS? 


When Kodak introduced its 90-second 
processing system two years ago, radi- 
ologists accepted it as a great step for- 
ward. Most felt that time and careful 
evaluation would be necessary to re- 
veal fully its benefits. First they wanted 
to know how results would compare to 
the conventional automatic processing 
they were using, then how such a sys- 
tem would benefit their office and hos- 
pital practices. 

There have been millions of expo- 
sures now using the Kodak 90-second 
film and processing system. Radiolo- 
gists have reported that by using inte- 
grated Kodak film, chemicals, and 
processors, they have been consistently 
achieving radiographs of highest diag- 
nostic reliability. 


How do they compare? 


An objective study of the Kodak RP 
X-Omat System (Kodak 90-second film, 
processors, and chemicals) was recently 
made and published by a group of ra- 
diologists. Four hundred and forty-four 
films were given to radiologists for 
comparison—222 studies on Kodak RP 
X-Omat Film, and a total of 222 studies 
on two other films, each of a type re- 
quiring longer processing times. All 
film identification markings were ob- 
scured with black masking tape. This is 
the conclusion reached by the radiolo- 
gist-authors: "Gross visual character. 


istics of the RP and standard film are 
equal; RP Film detected anatomic de- 
tail, both normal and abnormal, as 
well as the standard film and made pos- 
sible the same radiologic diagnosis." 


l. As published in the September, 1967, JOUR- 
NAL OF THE CANADIAN ASSOCIATION OF 
RADIOLOGISTS, Vol. XVIII, pages 389-392. For 
your copy of the full report, write: Eastman 
Kodak Company, Radiography Markets Division, 
Rochester, N.Y. 14650, or contact your Kodak 
Technical Sales Representative. 


Three Kodak 90-second films 


Further, Kodak offers radiologists a 
choice of three 90-second films, each 
with different characteristics. Any one 
might suit a particular radiologist's 
practice, or a combination of two or 
even three might give desired results. 
All three — Kodak RP, RP/S, and RP/L— 
produce radiographs of traditional 
Kodak quality and uniformity. To select 
the one film or combination of films 
best suited for your practice, ask your 
Kodak Technical Sales Representative 
to demonstrate each film. By seeing the 
distinct characteristics of each, you will 
be able to choose which film or com- 
bination of films is best for you. 


You can't beat the system 


The full control you achieve because of 
the quality and choice of three Kodak 
20-second films in a variety of radio- 
graphic situations is augmented by the 
nature of the Kodak RP X-Omat Sys- 


tem. Its components — film, processor, 
and chemicals— are designed to work 
together, engineered to be easily and 
accurately maintained, providing uni- 
form results. By working with the sys- 
tem, radiologists and technologists 
know what they're working with and 
what they can expect. Instead of vari- 
ance, there's uniformity. Instead of dis- 
appointments, there are predictable, 
quality results, time after time. 


How efficient is the system? 


"The Kodak 90-second processing sys- 
tem is nearly five times faster, but do 
| need it?" you might ask. That's a mat- 
ter for individual consideration. Yet 
early studies and reports from those 
now using the system show what it can 
do. Kodak 90-second processing, ac- 
cording to one such study, means the 
capability to handle a work-load in- 
crease of 18 percent. By utilizing 90- 
second dispersed processing (an RP 
X-Omat Processor for each two exami- 
nation rooms), even greater benefits 
can be attained. Dispersed processing 
can reduce examination-room occu- 
pancy, on the average, by up to 25 





percent. That means case load may be 
increased by 31 percent over that pos- 
sible with 7-minute central processing. 


What does it mean in practice? 


Reports from radiologists now using 
the Kodak 90-second processing sys- 
tem translate these figures into very 
real benefits. To the radiologist, it 
means increased utilization of exami- 
nation room and equipment, handling 
more patients with no expansion of 
facilities or staff. It means significant 
speeding up of fluoroscopic and other 
serial examinations that require proc- 
essed films during the course of the ex- 
amination. It means improved flow of 
"doctor-ready" patients. 


Increased patient comfort 


The patient benefits by the greater effi- 
ciency of the radiological team in terms 


of better care— particularly in hard- 
pressed facilities. Nearly immediate 
delivery of processed films means 
greater patient comfort through short- 
ened serial examinations, elimination 
of patient call-backs. Radiologists also 
report that treatment can often be 
started sooner. Further, many radiolo- 
gists report that anesthesia time dur- 
ing special procedures can be mate- 
rially reduced. 


Hospitals, technologists gain, too 


Kodak 90-second processing means 
greater economy through greater effi- 
ciency for both hospital and private 
office practices. Examination facilities 
that seem to shrink day by day under 
increasing case loads can do the job 
without further expansion. 

The technologist becomes more effi- 
cient working with the Kodak 90-second 
processing system. Immediate film ac- 
cess reduces film loss or misplacement. 
Quality improves because technic can 
be checked before the patient leaves 
the room; finished radiographs can be 
correlated with the technic used.There's 
no time loss and confusion from a proc- 
essing backlog. Only 6'/;, minutes are 
required to process a 20-film series of 
14 x 14-inch radiographs in a Kodak 
RP X-Omat Processor, Model M6. 


EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, N. Y. 14650 


Updating is easy 


Moving up to the Kodak 90-second 
processing system requires no real re- 
orientation or new skills. Technic is the 
same ... processing is done five times 
faster. For new installations, the Kodak 
RP X-Omat Processor, Model M6, is 
compact, durable, trouble-free. It takes 
less than 5 square feet of floor space 
and is ideally suited to dispersed proc- 
essing —in many cases without struc- 
tural changes. 

Your Kodak Technical Sales Repre- 
sentative will be happy to give you full 
details as to how the Kodak 90-second 
processing system works, why its com- 
ponents were specially designed to 
work together, and how you might 
best take advantage of this revolu- 
tionary new system. Get in 
touch with him or your 
Kodak X-Omat Dealer ga 
for full details. : 





"Where there's nothing 
more important 
than time" 


Time is precious to everybody at an 
x-ray diagnostic table. That's why 
many time-saving features were built 
into the Photomechanisms cinefluo- 
rographic cameras, the only cameras 
engineered and designed specifically 
for medical image intensifiers. Here 
are five outstanding features of the 
Photomechanisms cameras and what 
they mean to the radiologist, techni- 
cian and patient: 


e Preloaded magazine replaced in 
seconds—snap on a fresh magazine 
and you're ready for photography. 


e Four quick-change film speeds, 71⁄2 
to 60 pic/sec — diagnostic versatility 
for the radiologist, cardiologist and 
hemodynamicist, all at one x-ray 
table. 


e Reduced patient exposure — syn- 
chronized pulse-mode camera con- 
trol minimizes x-ray on-time. 


e High reliability, time-tested, provid- 
ing long periods of constant use 
without failure. 


e High quality pictures, jitter-free 
photography, achieved by precision 
intermittent film movement with 
dual registration pins. 


MODEL 482 Other features of both Photomechanisms’ 35 mm and 16 mm models include 
35-MM automatic synchronous phasing, precise interchangeability of all magazines, 
| and light weight. Because of these operating advantages, Photomechanisms 
cameras have become standard original equipment on virtually all photo- 
graphic image intensifier systems sold in the U.S. For technical details on 
both cameras and how they can save time at your x-ray diagnostic table, too, 

write us directly or contact your x-ray equipment manufacturer. 


Photomechanisms Division Inc. — A subsidiary of LogEtronics, Inc. 


15 Stepar Place, Huntington Station, N. Y. 11746 . Tel: (516) 423-4411 





it should be this big in 1968 


to keep pace with the growing work load 
of your x-ray department. 





Although your present x-ray tube was un- 
doubtedly adequate to meet your original 

requirements, it is quite possible that today 
this x-ray tube is often overloaded as a result of increased 
exposure frequency. Stepped-up numbers of examinations and 
films per study, together with markedly shortened film process- 
ing times, create a condition which requires greater x-ray tube 
capacity. 
W Anticipating this escalation in x-ray exposures, Machlett 
has increased the thermal capacity of all rotating anode 
x-ray tubes, from the Dynamax "HD25" to the Dynamax 
“FIDSO". In addition, the larger, higher rated tubes such as the 


Dynamax "60" and Dynamax "61" have been made available. 


W Machlett is prepared to assist you in selecting the x-ray 


tube most adequate for today's work 

loads. Consult your x-ray dealer or 

write to The Machlett Laboratories, Inc., 

to determine which Dynamax rotating 

anode x-ray tube best meets your needs. 

THE MACHLETT LABORATORIES, INC ., 1063 Hope Street, 
Stamford, Connecticut 06907, 


THE MACHLETT LABORATORIES, INC. 
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AECL’s Cobalt 60 Teletherapy units — the THERATRON and 
ELDORADO family, achieved the shape of things to come when 

the current designs were established several years ago to meet 

rapid advances in the science of Radiology. Atomic Energy 

of Canada. the firm that developed and built the world's first 
successful Cobalt 60 Teletherapy unit, maintains its premiere 
position in this field with an active development program to 
anticipate every requirement of the Radiologist today and meet the 
demands of the future. With automatic flexibility to handle every 
conceivable treatment position and prescription, Theratrons are now 


built to accommodate complete. computerized automation. 


With an AECL Cobalt 60 Teletherapy unit. the ability of the 
Radiologist is not confined by mechanical limitations. 

— He can exercise his knowledge to the full 

and render optimum treatment in the 

shortest time, with the least discomfort 

to the patient. For technical details. 

contact the firm with the longest record 

of proven performance and reliability. 


Sales and service in more than 100 


countries. 


Change? 


— Not if the shape is right! 
» 


Just improve the 


efficiency 


te Atomic Energy of Canada Limited 
Commercial Products 


P.O. Box 93, Ottawa, Canada « Tel. 728-1841 + Area Code 613 * Cable 'NEMOTA"' 





When not seeing 
is believing 





The full, precise visualization 
of the gallbladder obtained 
with TELEPAQUE is diag- 
nostically important because 
it assures you that there is 

no cholecystic pathology. The 
fact that TELEPAQUE pro- 
duces a complete picture 
proves the gallbladder is func- 
tioning normally. 

But more important is the fact 
that TELEPAQUE, unlike 
other contrast agents, does 
not passively fill a diseased 
gallbladder. Thusthe absence 
of visualization can be of 
great significance suggesting 
disease. With TELEPAQUE it 
is possible to detect those 
patients with cholecystitis 
who do not have stones. This 
indication of pathology, that 
TELEPAQUE provides adds to 
its reliability for diagnosis. 


Useof TELEPAQUE in a series 
of 1,207 cholecystographic 
examinations resulted in 
98.396 diagnostic accuracy.* 
TELEPAQUE has been used in 
more than 33,000,000 
patients...an unparalleled 
record of tolerance. 


Contraindications: Contraindicated in ad- 
vanced hepatorenal disease or severe impair- 
ment of renal function, severe gastrointestinal 
disorders that prevent absorption, and in pa- 
tients sensitive to iodine compounds. 


Precautions: Severe, advanced liver disease 
may interfere with metabolism of Telepaque, 
thus increasing the excretory load on the kid- 
neys. Although renal difficulty has rarely been 
attributed to Telepaque, renal function should 
be assessed before cholecystography in 
severe, advanced liver disease, and renal out- 
put and hepatic function should be observed 
for a few days after the procedure. Patients 
with preexisting renal disease should not re- 
ceive high doses of cholecystographic media. 
Possible renal irritation in susceptible indi- 
viduals could result in reflex vascular spasm 
with partial or complete renal shutdown. Cau- 
tion is advised in patients with coronary dis- 
orders, especially those with recent symptoms 
of coronary artery disease. Blood pressure 
should be observed after administration of 
cholecystographic media to these patients. 
Elevation of protein-bound iodine for several 
months and false positive urine albumin tests 
(for three days) may occur after ingestion of 
iodine-containing cholecystographic media. 
Adverse Reactions: — Most reactions are mild 
and transitory; serious side effects are very 
rare. Gastrointestinal effects (diarrhea, 
cramps, nausea, vomiting) are the most com- 
mon. Usually the diarrhea consists merely of 
a few loose stools, although in isolated cases 
it may be severe. A mild stinging sensation 
during urination may occur, and rarely, skin 
rash, urticaria, pruritus, and flushing. One 
case of thrombocytopenia has been reported 
in a patient with a history of conjunctival 
hemorrhages. Subjective complaints have 
been: dryness of throat, burning on swallow- 
ing, heartburn, sore throat, dizziness, and 
headache. 

Usual Dosage: 3 Gm. (6 tablets) at night after 
a light supper. 

Supplied: Tablets of 500 mg., envelopes of 
6 tablets, boxes of 5 and 25 envelopes; also 
bottles of 500. 


*Baker, H. L., Jr., and Hodgson, J. R. (Mayo Clinic and Mayo Foundation): Further studies on the 
accuracy of oral cholecystography, Radiology 74:239, Feb., 1960. 


Tel e x in oral cholecystography and cholangiography 
paq ue provides the accurate picture with excellent tolerance 
brand of lopanoic acid 


A WINTHROP LABORATORIES 
(Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS NEW YORK, N.Y. 10016 














The Neuro-Diagnost — 

ultimate in 

neuroradiologic sophistication — 
will be shown 





for the first time at the 
Roentgen Ray Society meeting Ventriculography with the Diagnost N 
October 1-4, 1968. 

Don’t miss 

this showing in 

Booth Numbers 37, 38, 39! 


Norelco’ DIVISION 


NORTH AMERICAN PHILIPS COMPANY, INC. 
100 East 42nd Street, New York, New York 10017 





) 


No two ways 
about redi-FLOW 


(Gastric Suspension Barium Sulfate 30% w/w) 


It's the pre-mixed, ` —" 
stable suspension, | s SUSPENSION 4 

ar —tedi-FLOW™ 
barium-in-a-can ORE. scat xw 


that's always the same. 


No two ways about redi-FLOW"" (gastric suspension barium sulfate). 
It’s always the same. Get the picture you want with the same patient at 
later dates because there is no variable factor in the mixing. redi-FLOW™ 
(gastric suspension barium sulfate) is always ready-made to the same 
specifications of barium content, of specific gravity, of suspension, and 
of flow properties—day after day, month after month. It flows evenly 
as a consistent, uniform column of barium—doesn't precipitate in gastric 
fluid or small bowel. Your patients will love it. But don't let them have 
all the pleasure . . . try some yourself . . . it tastes like a good milkshake. 
No two ways about it—you’ll like redi-FLOW™ (barium sulfate sus- 
pension). Test it by using the coupon. 


FLOW PHARMACEUTICALS, Inc. 


\ 

i 

| Subsidiary of Flow Laboratories, Incorporated 

1070 Linda Vista Avenue, Mountain View, California 94040 


a hs 
N 
* 


Send redi-FLOW™ (gastric suspension barium sulfate , 30% w/w) samples to: 


Name 
Address 


City 





Progressive bilateral numbness, weakness, and muscle atrophy that had been 
present for one year in a 57-year-old man was attributed to cervical spondylosis. A 
myelogram using 12 cc of PaANTOPAQUE [lophendylate Injection] demonstrated 
the large defect at the level of the fifth cervical vertebra. The patient recovered 
rapidly following laminectomy and posterior decompression of the fifth cervical 
spinal nerve roots. 


"PANTOPAQUE" is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized in the laboratories of Eastman Kodak 
Company and prepared as the myelographic contrast medium 
lophendylate Injection, U.S.P., by Lafayette Pharmacal Inc. The 
trademark serves to indicate to the radiologist continuity of experi- 
ence in the manufacture of this medium. 








Don't be surprised if your patients 
suddenly seem more appreciative 
of your profession. 


This film is probably the reason. 


In cooperation with the American College of Radiology, 
Du Pont prepared this 20-minute color movie: 
“The Light in Shadows." 


It tells your story to the public. It tells them 

about the special kind of doctor called a radiologist, 

a doctor who is uniquely qualified —by training, talent, 
tools and techniques—to find “the light in the shadows" 
of radiographs. The light that contributes so much 

to improving health or saving life. 


Over a thousand radiologists have previewed the film 

so far. Medical students who have seen it are impressed 
with radiology as a specialty. But the main audience will 
be the general public and student groups, who will receive 
a better appreciation of your profession from the film. 


Ask your Du Pont TR about borrowing a print for your area. 


CRONEX® X-ray Products 


T OFF. 
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Introducing Mevatron 50 
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the all-purpose, all-power accelerator 
for unlimited radiotherapy. 


Mevatron 50 is the most powerful tool yet devised for radiotherapy—routine, 
advanced and experimental. It puts a complete arsenal of tumor destroying radiation 
at your disposal, including X-rays, electrons and neutrons at all energy levels 

and dose rates conceivably required. As a bonus, it will prepare a wide variety of 
short lived radio isotopes for diagnosis. A radiology department equipped with 
Mevatron 50 will possess unsurpassed capability in radiotherapy and radio diagnosis. 


50,000,000 electron volts — enough for any purpose. Lower levels are selected 
by pushbuttons to permit the depth of the dose to be accurately controlled. 
Energies from 10 to 50 Mev are selectable in 5-Mev steps. 


X-rays, electrons and neutrons — all produced at sufficient energy levels to 
treat tumors in any part of the human body. 


400,000 r/min —the experimental maximum dose rate. High dose rates 
facilitate research in hyperbaric oxygen therapy, whole body irradiation, and 
massive dose studies. Dose rates of 400 r/min X-rays and 500 r/min electrons 
are available for routine therapy. 


Short lived isotopes. The neutron beam will produce isotopes as follows: 
Isotope 

Fig Na22 Coe Cras Brao Brsom Brzs Sres |126 
Production rate per minute 

26mc  6./uc  |690,.c 10.3mc 311mc 19.5mc 254mc 29.0unc 1.81mc 


Maximum reliability— Mevatron 5O uses the most reliable electronic circuitry 
available— principally integrated circuits and other solid-state devices developed 
specifically to increase reliability. Mevatron 50 and the earlier Mevatron 8 

are the most dependable medical accelerators available today. 


Mevatron 8, the 8-Mev Operating simplicity. Routine therapy 
predecessor to Mevatron 50, is controlled by a pushbutton system 
. is now in operation easily operated by any technician familiar 
| HABRA Ld - with standard X-ray or Cobalt 60 
nd — equipment. An automatic alarm and shut- 
off system minimizes the possibility of 
over-doses and over-loads. A manual 
control system, accessible only to 
authorized personnel, will vary nearly all 
operational parameters for special therapy 
or experimentation. 


APPLIED RADIATION 


Send for complete information. Walnut Creek, California 94596 (415) 935-2250 





Hiroshima University 
selects high-energy linac 
for radiotherapy. 
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Early in 1969, Varian will deliver a new 

35-MeV linear accelerator to 

Hiroshima University. This machine 

joins the Clinac® 4 and Clinac* 6 in the 

Varian line of radiotherapy acceler- 

ators. It will be used both for the 

most advanced, sophisticated radio- 

therapy applications and for very high 

energy radiation studies. 

For the radiotherapist, the machine 

offers: X-ray and electron modes; a 

wide range of selectable energies and dose 

rates in either mode; an output easily adjust- 

able from 10 Rmm to over 500 Rmm in both 

modes; and exceptional field flatness. For the research 
scientist, a special mode has been included that provides con- 
tinuous control of electron energy up to 35 MeV and a beam power 
up to 4.5 kW. 

The Hiroshima University linac has a greater X-ray output and 
occupies less floor space than a betatron, and its installation costs 
are lower. It also has neutron conversion capability. 

If you have a radiotherapy requirement, contact us. 

We'll be glad to talk about our Clinac capabilities, existing 
installations, and products. Contact Varian Radiation 

Division, 611 Hansen Way, 

Palo Alto, California 94303 

or #25 Route 22, 

Springfield, New Jersey 07081. 

Varian A. G., Zug, Switzerland. 


varian 


radiation division 





Bind Your 
Journal Issues 


New Department of Radio Therapy in aca- «7 I Into Valuable 
demic environment is looking for an associate 2/4 bt wh, EE 
and assistant to integrate the staff. Apply: SSS Vigilant Volumes 
F. G. Bloedorn, M.D., Tufts University-New 
England Medical Center Hospitals, 171 Har- 
rison Avenue, Boston, Massachusetts 02111. 


Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 


In reply to advertisers please mention The cost per ''Vigilant Volume," by official commission from the 
that thei d ti ti journal publishers is but $5.45 per volume, permanently hard bound 
ar you saw their advertisement in in washable buckram, gold embossed with period dates, journal 


THE AMERICAN JOURNAL OF name and special insignia—plus your name stamped in gold leaf. 


"Vigilant Volumes" are handsome library additions too, real con- 
ROENTGENOLOCY, versation pieces. These volumes are bound in the authorized colors. 
RADIUM THERAPY 


HOW TO ORDER 
AND NUCLEAR MEDICINE Simply ship your journal issues to us via parcel post, together with 


5 á á your name, address, and remittance, at $5.45 per volume. Within 
45 days after receipt, bound volumes will be shipped to you pre- 


CHARLES C THOMAS paid. 
PUBLISHER PUBLISHER'S AUTHORIZED 


Springfield - Illinois =| BINDERY SERVICE, Ltd. 


(Binders of AIl Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 60624 





YOU CAN ACQUIRE VALUABLE BACK VOLUMES 
AND SINGLE ISSUES OF THE PUBLICATIONS OF 


The American Roentgen Ray Society 


A limited quantity of the issues available are listed below. Orders are subject to the exhaustion of 
available stock. This offer is subject to withdrawal without notice. NOTE: For your convenience, the 
same price—$2.00 per copy—applies to all issues—no quantity discount. 


Order BACK ISSUES of the Journal from: 
CHARLES C THOMAS * PUBLISHER 301-327 East Lawrence Ave. SPRINGFIELD * ILLINOIS 


The American Journal of Roentgenology, Radium Therapy 
and Nuclear Medicine: 1951-1967 
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Breakthrough 


...new filing / storage / retrieval systems eliminate 


costly, time consuming manual filing procedures — 


AUTOMATICALLY! 


Increasing patient loads and a growing 
variety of diagnostic procedures demand 
greater efficiency in your radiology depart- 
ment. The bottleneck, the most trouble- 
some, and yet one of the most necessary 
duties has always been filing, storage 
and retrieval of radiographs. Until now 
filing systems haven't kept up with rapidly 
improving diagnostic equipment. 

General Electric has broken the anti- 
quated film filing barrier! 

Two new systems now provide auto- 
mation to the file retrieval tasks of radi- 
ology departments. MONOSCAN permits 
absolute random placement of files into 
a linear array of shelving and provides 
automatic electro-optical search and ejec- 
tion of any one or more files by keyboard 
operation, punch card, magnetic or paper 
tape. Retrieval is accomplished with great 
speed, accuracy and minimum manpower. 
Monoscan is particularly applicable to 


high activity files. MONOTRIEVE is ap- 
plicable to medium to low activity files. 
It is an automatic, electronic, bulk storage 
and retrieval system which provides 
exceptional space utilization. Files are 
stored in bulk cradles arranged in double 
linear banks as high and as long as the 
physical area permits. The files in their 
cradles are brought by keyboard com- 
mand to an operator seated at a control 
console. 

Both systems feature high reliability 
solid-state components on plug-in glass 
epoxy, gold plated printed circuit boards. 
Of significant importance is the fact that 
both systems are relatively simple to op- 
erate. No extensive training is required; 
only the ability to read. 

Your hospital administrator will also be 
interested in these automated filing sys- 
tems. Call your local General Electric 
representative for complete details. 


Progress is our most important product 


GENERAL QD ELECTRIC 


X-RAY DEPARTMENT * MILWAUKEE, WISCONSIN 53201 
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The British Journal of Radiology 


A monthly publication covering the fields of 


DIAGNOSTIC RADIOLOGY, RADIOTHERAPY, 
NUCLEAR MEDICINE, RADIATION PHYSICS, 
ULTRASONICS, RADIATION PROTECTION, 
RADIOBIOLOGY AND RADIATION CHEMISTRY 


The British Journal of Radiology, which is the oldest radiological jour- 
nal in the world (having started in 1896 as The Archives of Clinical Ski- 
agraphy) now appears in a new format. The average of 80 pages per 
month and the number and excellent quality of the illustrations are be- 
ing maintained and the page size has been increased to 10% X 7% in. to 
allow wider margins. 


An increasing proportion of editorial space is being used to publish 
original contributions in radiodiagnostic physics and technology, cellu- 
lar and human radiation biology, the techniques for clinical investiga- 
tion using labelled compounds and in other rapidly growing fields on 
the fringe of radiology. A series of review articles on subjects of topical 
medical and scientific interest has also been inaugurated in addition to 
the presentation of selected papers which have been read at meetings 
of The British Institute of Radiology (of which this Journal is the offi- 
cial organ). 


obtainable from 
THE BRITISH INSTITUTE OF RADIOLOGY 
32 WELBECK STREET, LONDON, W.1 
and from leading booksellers all over the world 





good reasons 
why vou should 


use In 
your A-ray 
department 





is the only photographic chemical manufacturer with two developers for 
90-second film processing . . . and a unique program that frees your processor to 
achieve films with the diagnostic quality of manually developed films (5 minutes at 
68°F). What do we mean when we talk about quality? The quality we strive for is — 
the achievement of more information on the film to assist the radiologist in the great 
modern detective story that diagnostic film reading isa part of. Hunt chemistry, service 
and technical knowledge can be one of the most important factors in increasing your 
department's film production and achieving consistent films with the ultimate in 
sensitometric response. Here are the details on the products and services of the Hunt 
Flexible Processing Program for 90-second X-ray film developing. 


Hunt Premium 90/90 Developer & Replen- 
isher is a premium ultra-concentrated chemistry for 
those hospitals who wish to process their 90-second 
medical x-ray films at the lowest developer temper- 
ature of any product offered to the profession. The 
use of Hunt Premium 90/90 eliminates the need for 
water injection systems and wetting rollers in auto- 
matic processors and is recommended where temper- 
ature control of incoming water of above 90°F is a 
problem. Premium 90/90 provides the highest con- 
trast and maximum density available of any chem- 
istry on the market. 

Hunt Ultra-Mat Developer and Replenisher 
is a universal chemistry for processing medical x-ray 
films at the normal temperature ranges accepted for 
all time cycles — 90 seconds, double capacity and 7 
minutes. This versatile chemistry has been formulated 
to meet the speed and contrast levels inherent in the 
film of your choice with the lowest possible fog 
level. Ultra-Mat Developer and Replenisher contains 
the unique new molecule Cycon (Patent Pending) 
created by Hunt research to more effectively solu- 
bilize the chemical ingredients. The benefits of a 
considerably smaller (half the size), lighter (less than 
two-thirds the weight) package, designed to dispense 
easily in a fraction of the time formerly required, 
creates a foolproof mixing procedure for X-Ray 
Departments. 

Both Premium 90/90 and Ultra-Mat offer you the 
benefits of a lighter, smaller package, designed to 
dispense easily in just a fraction of the time formerly 
required — a foolproof mixing procedure. 


When a Hunt sales representative or service en- 
gineer is helping your department, you can rely on 
his objective analysis of your problems. He knows 
you can achieve outstanding results with all 90- 
second films on the market by using Hunt chemistry. 
This flexibility is the basis of his review of your 


department's needs... and his recommendation to 
use either Premium 90/90 or Ultra-Mat. Hunt analysts 
will help determine how you can achieve more infor- 
mation from your films. Whether your objective is 
high contrast radiographs or films with longer tonal 
range .. . Hunt has the answer. Since our business is 
the manufacture of processing chemistry only and 
with no vested interest in films — you can rely on the 
objectivity of Hunt recommendations. 


Both Ultra-Mat and Premium 90/90 are the result 
of a dramatic development made possible in the 
Hunt Research Laboratory — Cycon. It is a new syn- 
thesized molecule that breaks the solubility barrier 
present in conventional powder formulations and 
even in liquid developers. Cycon makes it possible 
for the first time to manufacture a true ultra-concen- 
trated liquid developer that comes in a smaller 
lighter package. We know doctors don't lift cubi- 
tainers — but the reason we miniaturized Hunt Pre- 
mium 90/90 and Ultra-Mat was to eliminate the 
age-old question, "Was the chemistry mixed right?" 


Hunt guarantees (with proper adjustment to your 
processor and with the use of Hunt Chemistry) that 
you can achieve archival 90-second films equal or 
superior in density and contrast to films processed 
for 5 minutes at 68°F. To prove this Hunt recom- 
mendis that you have 2 films exposed under identical 
conditions. Take one film and hand develop for 5 
minutes (along with a Hunt test strip) at 68°F to 
achieve your ideal sensitometric response. A Hunt 
service engineer will then produce a film (in 90 
seconds) with the same sensitometric response as 
the film manually developed for 5 minutes at 68°F. 
This is accomplished after a Hunt Processor Tune-up 
by Hunt service engineers. 

Hunt also has the knowledge to give your pro- 
cessor even greater flexibility. For example — let's 





suppose a hospital x-ray department wishes to run 
90-second films and mammography films. By a push- 
button controlled adjustment to time and tempera- 
ture, Hunt service technicians can show you how to 
run both 90-second films and non-screen films 
through the same processor. 


For hospitals that require a film capacity above 
and beyond the processing speeds of 90 seconds, 
Hunt service engineers can convert certain proces- 
sors to 60-second processing. By increasing the speed 
you can produce up to 50% more films (with an 
average of 525 films per hour out of an M-6). 


The Hunt package of product and service includes 
a unique maintenance program of machine adjust- 
ments and safety checks. Hunt can zero in your 
processor to produce consistent results. The films 
you automatically process will be the equivalent of 
hand processed films in terms of fog, speed, average 
contrast and top density. 

Hunt service engineers will perform a series of 
safety checks of your dark room facilities, safe lights 
and any other possible procedural malfunctions that 
could affect film processing. By removing the vari- 
ables Hunt puts you further along the path toward 
the most information on the viewbox. 


Hunt will also perform residual thiosulphate tests 
according to ASA standards to determine the archival 
quality of the film a hospital x-ray department is 


City 


Hospital 


Address 


producing. We feel it offers radiologists peace of 
mind because they know that any films stored for 
future diagnostic reference will remain clean and 
clear. 


In the cleanliness of its products and the thorough- 
ness of its maintenance service, Hunt will keep your 
processor in top working condition. — Hunt service 
engineers perform a regular schedule of machine 
clean-ups and check-ups that promotes longer ma- 
chine life. 


Behind the research and manufacture of Hunt 
products is a staff of trained trouble-shooting chem- 
ists. Operating from the Hunt Technical Services 
Laboratory they offer Hunt customers quick action 
to assure complete consistency, efficiency and ac- 
curacy of processing in your department. 


Now you can have direct control of silver recovery 
by the installation of a maintenance-free unit. It is 
put into operation in a matter of minutes, requires no 
electrical hookup, operates continuously and noise- 
lessly — and puts the control in the hands of each 
hospital x-ray department. 


We would welcome the opportunity to demon- 
strate in your own department the full capabilities of 
the Hunt Flexible Processing Program. For a complete 
“no obligation" analysis of your department's pro- 
cessing needs fill in and mail attached card. 


I'm interested in a processing survey of our X-Ray Depa 
ment's needs. Please have your sales representative call. 


Wari aai aaa OO 





FIRST 
CLASS 
Permit No. 88 
Palisades Park, N. J. 


USINESS REPLY CARD 


No postage stamp necessary if mailed in the United States 


Philip A. Hunt Chemical Corporation 
Palisades Park, N. J. 07650 


Attn: X-ray Division 





I0 dUBS. 
for checkups? 


A vital question. For if early diagnosis and 
treatment can cure cancer, obviously 
regular health checkups are essential. 

In a survey conducted for the Society, we 
discovered that only 26% of those questioned 
‘had such regular checkups. 

But 90% ud. if their physicians told them. 
to do so, they would have annual 


checkups. This confirmed what we have 
long known—your key role, doctor, in activating 


-your patients in good health practices. 


We alert the public with facts about cancer. 
You follow through by urging regular checkups. 
A life-saving combination. 


AMERICAN CANCER SOCIETY 





People who dont like barium sulfate 
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...love Barosperse 





Exacting radiologists love it 
because of its diagnostic excellence 
and more rapid procedure time 


Barosperse is by far the most used of all barium sulfate formulations. Used for upper or 
lower G.I. series, this superior formulation has the fluidity and coatability to fill in the 
folds and convolutions of the entire G.I. tract... the greater opacity to provide sharp, 
accurate, readable visualizations in radiograms . . . and the rapid transit necessary to 
speed barium procedures. Superior small bowel delineation is frequently accomplished 
in as few as 30 minutes. 


Reluctant patients do...because of its 
"Milk Shake" palatability and 
faster examination time 


Smoother texture, creamier consistency and greater palatability reduce patient reluc- 
tance and help eliminate “gagging.” The rapid movement of Barosperse through the 
G.I. tract speeds the radiologic procedure, saves time and soothes patient edginess. 
The pleasant flavor of Barosperse gives patients an upper G.I. barium meal that is 
close to a “milk shake" in flavor and consistency. 


Small wonder Barosperse is a preferred barium formulation by both radi- 
ologist and patient. 


BAROSPERSE 


(Barium Sulfate U.S.P. Formulation) 


Available in individualized single-dose bottles, disposable enema units and in bulk. 


Caution: Federal law prohibits dispensing without a prescription. 


Mallinckrodt 4A 


Mallinckrodt Pharmaceuticals « St. Louis, Missouri 63160 





You ll also be interested 


PUT THESE NEW BOOKS 
IV ROENTGENOLOGY TO 


in these new books . 


WORK FOR YOU 


ROENTGENOGRAPHIC DIAGNOSIS OF BLADDER 
TUMOR by Erich K. Lang, Methodist Hosp., Indianapolis. 
Each chapter with a special roentgenographi« technique is 
amplified by a section on the technical detail of the exam- 
ination. Technical factors, positioning, and a step-by-step 
description of the actual procedure are presented. "68, 132 
pp. (7 x 10), 94 il., 11 tables, $9.75 


LUNG CALCIFICATIONS IN X-ray Diagnosis by Emanuel 
Salzman, Univ. of Colorado School of Medicine, Denver. 
Reviews the existing clinical knowledge of discases causing 
calcific deposits in the lungs. A section on differential diag- 
nosis classifies patterns of calcifications encountered in these 
diseases emphasizing their distinctive features. 68, 132 pp., 
(634 X 934), 74 il, $7.50 


CERVICAL SPONDYLOSIS AND ITS NEUROLOGICAL 
COMPLICATIONS by Bernard H. Smith, State. Univ. of 
New York at Buffalo. Diagnosis and differentia] diagnosis 
are fully discussed with particular attention paid to radio- 
graphic findings. A series of radiographs and line drawings 
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SQUIBB 


EE ey aaa Tay al 
a research concept in radiopharmaceuticals 


pulmonary embolism: 
a major cause of death? 


In a 1959 report, Coon and Willis! attributed as many as 
47,000 annual deaths solely to pulmonary embolism. They 
further held that pulmonary embolism may have significantly 
affected the outcome in three times this many deaths. Another 
study? reported autopsy findings on 161 of 247 patients who 
had died after hip fracture. Thirty-eight percent of these were 
found to have died of pulmonary embolism. In the unautopsied 
cases, however, pulmonary embolism was listed as the primary 
cause of death in only 2%. 

Deaths from pulmonary embolism, however, probably com- 
prise only a small portion of the total incidence. For example, a 
recent study? of 61 consecutive adult autopsies revealed recent 
and organized thrombi ranging from massive occluding emboli 
of the pulmonary arteries to minute and barely visible fragments 
in 6495 of the cases. But the true incidence may be even higher. 
Based on accumulating evidence in the literature and on their 
own experience, some researchers? postulate that pulmonary 
embolism may occur in nearly everyone at some time or another, 
that the recognized clinical entity is only a tiny part of the full 
spectrum of the disease. These studies point to the desirability 
of a high index of suspicion of pulmonary embolism and its 
earliest possible diagnosis. 

help in diagnosing pulmonary emboli — Lung-scanning pro- 
cedures utilizing such agents as Albumotope—LS [Squibb Aggre- 
gated Radio-lodinated (1131) Albumin (Human)] now offer help 
in detecting pulmonary emboli when used in conjunction with 
other procedures. In fact "...it appears that the lung scan can 
point to the site of embolic lesions before signs of lung infarc- 
tion are recognizable on plain chest films."5 Then, too, lung 
scanning is simpler, faster, and comparatively safer than pul- 
monary arteriography and ‘‘...has proven to be an objective and 
reliable means of establishing a firm diagnosis of pulmonary 
embolism. ...’6 In some instances it has also shown the capacity 


Patient in distress: 
substernal pain, faintness, dyspnea. 
Chest film: normal". 


Same patient. Initial scan: 
massive pulmonary embolism, 
left lower lobe*. 


“Illustration furnished through the courtesy of George V. Taplin, M.D., Har- 
bor General Hospital, Torrance, California. 


to detect small areas of pulmonary ischemia in the absence of 
abnormal angiographic findings. Finally, lung scanning pro- 
vides a simple and reliable means of follow-up during recovery 
from pulmonary embolism which may be repeated at relatively 
short intervals when necessary. Indeed, it is considered by some 
to be “...the most convenient and probably the most sensitive 
method now available for this purpose. 4 

Albumotope—LS for lung scanning: another example of 
Squibb leadership in radiopharmaceutical research and develop- 
ment. 

Side Effects and Precautions: Radioisotopes should not be 
used in pregnant women, nursing mothers, or in patients under 
18 years of age unless indications are very exceptional. 

There have been no reported cardiovascular or other un- 
toward effects attributable to Albumotope — LS. Extensive clini- 
cal use of Albumotope — LS has not borne out the hypothetical 
possibility that particles of large size might induce deleterious 
cardiovascular or cerebrovascular effects. The product appears 
to possess no antigenic properties. One patient with a known 
history of angioneurotic edema, who had been given Lugol's 
solution in conjunction with aggregated radioalbumin similar to 
Albumotope — LS, developed urticaria. 

Available: As a sterile, nonpyrogenic, aqueous suspension. 
Each cc. contains approximately 1 mg. aggregated human serum 
albumin labeled with 800-1500 microcuries of iodine-131 at 
time of manufacture. Also contains 0.9% benzyl alcohol as a 
preservative. 
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Here's one of the 246 control combinations offered 
with Standard's new Optima X-Ray Series. 


(If it doesn't meet your needs exactly, one of the 245 other combinations of modular components will.) 


The modular design concept in 
standard X-Ray Company's new 
line of Optima 200 MA and 300 MA 
X-Ray Controls lets you select the 


functions and features you need 
from 246 possible combinations. 
These choices cover a wide range 
of applications from a 200 MA unit 
for controlling one X-ray tube to a 
highly versatile 300 MA unit for one 


or two tube operation. The control 
options and features are designed 
to meet the greatly varied needs of 
all modern hospitals, medical/ 
health institutions, and doctors' 
offices. (These controls can be used 
with any existing X-ray equipment.) 

Modular design, using pre-as- 
sembled, pretested components, 
also allows you to upgrade your 


X4 2 x 22 ss 
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Optima X-Ray Control quickly and 
economically any time in the future 
as your needs change. (Makes ser- 
vicing simple too.) You can change 
timer modes, add features such as 
an instantaneous tube protective 
device, or increase the versatility 
of the unit in dozens of other ways 
with additional components. What- 
ever features you select, your 


Optima Control will reflect the un- 
surpassed craftsmanship perfected 
during Standard’s more than 53 
years' experience producing de- 
pendable, high quality diagnostic 
and therapeutic X-ray equipment. 

Ask your Standard X-Ray Dealer 
for full information on the new 
Optima Series or other units de- 
signed for your application. Write 
to us for his name, and for our new 
Optima Series brochure. 


STANDARD 


STANDARD X-RAY COMPANY 


a subsidiary of Cenco Instruments Corp. 
1932 N. Burling St., Chicago, III. 60614 








Pickers new Cobalt*? units: 
accuracy goes up, 


set-up time goes down. 


Virtually every improvement in our new 
Cobalt*?? equipment serves to provide im- 
proved treatment accuracy and/or re- 
duced set-up time. So review these spe- 
cific points below in terms that are most 
meaningful to you: accuracy and time. 

New precision in isocentric beam align- 
ment, accuracy being held to +2mm. 

A new articulated multivane collimator that 
delivers any field size from 3 cm x 3 cm to 
35 cm x 35 cm with minimal penumbra over 
the entire range. 

Remote control of all compound beam 


angulations by complete motorization of all 
three sourcehead motions, including biplane 
Swing within the supporting yoke. 

A new field-defining projector which not 
only casts a lightpatch on the skin, but simul- 
taneously projects a scale showing source- 
skin distance at any moment. 

A new isocentric treatment stretcher. 
whose motor-driven tabletop can be raised 
or lowered by identical switches on either 
side in the table body. Retained is the unique 
separable feature that permits removal and 
substitution of a treatment chair, or instant 
withdrawal of patient from radiation beam in 
an emergency (subsequent realignment of 
table to vertical beam axis is automatic). 

For all the details, see your Picker repre- 
sentative or write Picker X-Ray, 1275 Mama- 
roneck Ave., White Plains, N.Y. 10605. 

Picker expedites your work. 
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ingular system. 


A high-resolution imaging system that A versatile imaging system with an 
portrays lesions as small as 1⁄4” in energy range of 0.025 to 1.0 MeV that lets 
diameter which may escape detection you use virtually all available 
with other instruments. radioisotopes. 

A high-speed imaging system that can And now, a color-keyed image 
scan an entire head in less than 2 minutes presentation which makes interpretation 
or both lungs in 5 minutes. simpler and more meaningful. 

A large-field imaging system that Only one imaging system embodies all 
views both lungs or an entire liver in a these features. DYNAPIX. (Send for the 
single 10" x 20" view. DYNAPIX information kit today!) 
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(Colonic Suspension Barium Sulfate) 


THE MIXTURE, THE CONSISTENCY, THE STABILITY OF SUSPENSION ARE ALL PRE-PRO- 
GRAMMED IN redi-FLOW . . . BECAUSE THIS NEW COLONIC SUSPENSION OF BARIUM 
SULFATE IS PRE-MIXED, THERE ARE NO VARIATIONS IN VISCOSITY FROM ONE CAN TO 
ANOTHER . . . redi-FLOW PROVIDES SUPERIOR FILEING AND SUPERIOR ADHERENCE TO 
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Subsidiary of Flow Laboratories, Incorporated 


FLOW 


fer), 
vans mee Mountain View, California 94040 
. h t TM redi-F LOW is a trade mark of Flow Pharmaceuticals, Inc 
OJ i Also available: redi-FLOW gastric suspension barium 


sulfate 30% w/w: Always ready for use, always 
uniform in consistency, always in stable suspension, 
always reproducible results, always a fresh flavor 
taste, always a high level of patient acceptance. 





GENERAL INFORMATION 


Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Traian Leucutia, Editor, 401 Professional Building, Detroit, Michigan 
48201. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to THE AMERICAN Jour- 
NAL OF ROENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE. 

A certain number of illustrations will be supplied free of cost; but special arrangements must be made with 
the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Additional reprints may be purchased according to 
a scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroyed except 
for reprint orders in hand. Reprint orders must be returned with corrected galley proof to the Editorial Office 
if additional reprints are desired. 

Correspondence regarding subscriptions, advertisements, and other business relating to THE AMERICAN 
JOURNAL or ROENTGENOLOGY, RapDiuM THERAPY AND NuctEAR MEpicinE should be addressed to Charles C 
Thomas, Publisher 301-327 East Lawrence Avenue, Springfield, Illinois 62703. (All requests to be submitted 
in writing.) 

E eT EE 

Manuscripts should be typewritten, with double spacing, and good margins (not on thin paper) and the 
original should be sent to the Editor. The author should keep a carbon copy, as the original is not returned. 
The name of the author should appear on each sheet of manuscript. Tabular materials should be typed on 
separate sheets; likewise bibliographical lists, footnotes, etc. 

Drawings and charts for reproduction should be made in black (never in blue). Photographic prints of plates 
or slides on glossy paper produce the best half-tones. 

All photographs and drawings intended for illustrations should be num bered, the top plainly indicated, and 
an abbreviated title of the paper placed on the back of each one. 

Legends for illustrations should be typewritten in a single list, double spaced, with numbers corresponding 
to those on the photographs and drawings, instead of attaching each legend to its corresponding figure. 

Care in preparation of bibliographies will save much time and correspondence. Each reference in a bibliog- 
raphy should include the following information in the order indicated: Name of the author with initials; title 
of the article; name of the periodical; year, volume and pages. It is requested that the authors use the follow. 
ing as model: 

1. Olcott, C. T., and Dooley, S. W. Agenesis of lung of infant. 4m. J. Dis. Child., 1943, 65, 766—780. 

The month should be given if the reference is to an issue of the current year. An alphabetical arrangement 
of the authors is requested. 

The author should always place his full address somewhere on his manuscript. This is very important and is 
often omitted. 

————— Ó 

For information regarding membership in the American Roentgen Ray Society, address the Chairman of 
the Executive Council, Dr. Seymour Fiske Ochsner, Ochsner Clinic, 1514 Jefferson Hwy., New Orleans, 
Louisiana 70121. 

For information regarding the program of the annual meeting of the American Roentgen Ray Society, 
address the President-Elect, Dr. Stephen W. Brown, 1467 Harper Street, Augusta, Georgia 30902. 

For information regarding membership in the American Radium society, address the Secretary, Dr. John 
V. Blady, The Parkway House, 2201 Benjamin Franklin Parkway, Philadelphia, Pennsylvania 19130. 

For information regarding the program of the annual meeting of the American Radium Society, address the 
President, Dr. Juan A. del Regato, Penrose Cancer Hospital, 2215 North Cascade Avenue, Colorado 
Springs, Colorado 80907. 


THE AMERICAN JOURNAL or ROENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE is owned, main- 
tained by, and in the interests of the American Roentgen Ray Society, Inc. It is issued monthly by Charles C 
Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois 62703. THE AMERICAN JOURNAL 
or RoENTGENOLOGY, Rapium THERAPY AND Nucvear MepicineE does not hold itself responsible for any 
statements made or opinions expressed by any contributors in any article published in its columns. 

Delivery is not guaranteed. Replacements are not guaranteed nor promised, but will be attempted if extra 
single copies are available and only if requested within 30 days from first of month following publication (17th 
of month) for domestic subscribers and 60 days for foreign subscribers. 

Annual subscription price is as follows: United States, U. S. Possessions, U. S. lrusteeships, Pan-American 
Union, and Canada, $20.00; other countries $22.00. Prices for back volumes quoted on application. Extra 
single copies of back issues, if available, $2.00, postpaid. Current subscriptions may begin with any issue. 
Remittance should be sent to CHARLES C THOMAS, PUBLISHER, 301-327 East Lawrence Avenue, 
Springfield, Illinois 62703, U.S.A. 


ADDRESS CHANGE—When a change of address is necessary please allow at least 60 days notice and 
preferably 90 days. When ordering a change of address, send the Publisher both the old and new address. 


Entered as Second-class at Springfield, Illinois under the Act of March 3, 1879. Printed in U.S.A, 
Second-class postage paid at Springfield, Illinois and at additional mailing offices. 


Copyright (9 1968, by AMERICAN ROENTGEN RAY SOCIETY, Inc. No part may be duplicated or 
reproduced without permission of both the Publisher and the Editor. 





THE AMERICAN JOURNAL 
OF ROENTGENOLOGY, 
RADIUM THERAPY AND 
NUCLEAR MEDICINE 


7 US S ) 
VoL. 104 OcTOBER, 1968 


TABLE OF CONTENTS 

Radioisotope and Renal Functional Characterization of the Baboon Kidney 
During os mothermic, Bloodless, Isolated Perfusion. P. D. Vau HEER- 
DEN, G. 5 . Jounsron, C. P; Derici sh A VAN Gyva, Je We VAN ZYL 
AND G. P. Mu RPHY b & & bree c5: 3 

Fibromuscular Dysplasia of the Renal Arteries; Arteriographic Features, 
Classification, and Observations on Natural History of the Disease. 
OwiNcs W. KiNcaip, M.D., Georce D. Davis, M.D., Franz J. Hat- 
LERMANN, M.D., Pu. D AND James C. Hunt, M.D. 

The Location of the Re nal pe An Angiogr ee and Postmortem Study. 
PER Opman, M.D., AND Kraus Rannicer, M.D. 

Delayed Concentration and Prolonged Excretion af Urographic Contr ‘ast Me- 
dium in the First Month of Life. M. BERNAbETTE Nocrapy, M.D., AND 
J. Scorr Dunsar, M.D. 

Early Demonstration of Renal Collateral . Arter ial Supply. í EON Lov E, M. D., 
AND IrvinG M. Bus, M.D. 

Renal Artery Aneurysm: A Cause of Segmental Jilendlion in Renal Blood 
Flow and Hypertension. Wyte J. Dopps, M.D., Wittiam E. Noyes, 
M.D., Frank Hinman, Jr., M.D., ann Ronatp J. Stoney, M.D. 

Renal Arteriovenous Aneurysm Causing Hydronephrosis and Renal Atrophy. 
WiLLIAM E. Painter, M.D., Ricardo R. DiDonato, M.D., AND 
Ropert Wuire, M.D. 

Effects of Intra-Arter ial . Acetylcholine on Renal . Arteriogr aphy : in Normal Hu. 
mans. T. A. FREED, M.D., Harry Hacer, M.D., AND Mrrviw Vi- 
NIK, M.D. 

Bastiteetoeraphic Classification of Renal Cys stc Disea se. HE RMAN G ROSSMAN, 
M.D., Parricta H. WINCHESTER, M.D., anp Francis V. Cuisani, 
M.D. ho xM OW 3.24 ^ o4 ue x4 x X 

Angiomyolipoma of the Kidney; : Diagnostic Roentgenographic Findings. 
KoLAR N. SESHANARAYANA, M.D., AND THEopore E. Keats, M.D. 

Detection of Small Renal Tumors. Avice ErriNGER, M.D., and Avan H. 
Rossins, M.D. Rs te me ek ee e 

The Resectability of Carcinoma of the Kidney; Analysis of Roentgen Signs in 
63 Histologically Verified Cases. MELVYN H. ScHREIBER, M.D., AND 
Van E. Rea, M.D. 


(Continued on page iv) 





Contents, Continued 


The Effects of Patient Position on the Radioisotope Renogram. W. Marion 


Jorpan, M.D., AND Jonn A. BunpiNE, Jr., M.D. 

Renal Osteodystrophy. MicHaAEL WELLER, M.D., Jack Ep&iKEN, M.D., AND 
PHitip J. Hopes, M.D. ee ee ese ee x» 

Ureteral Diverticulosis. Suiv Navani, M.B., FLORENCIO A, e M.D., 
AND JEROME H. Snarino, M.D. | 

Determination of Transported U reteric Volume in Dogs by Ci ine ieniceiblcate 
Analysis. Raymond Gramiak, M.D., anp PauL Ross, M.B., B.S. 

Precision of Anatomic Mensuration from Jüenbtesmermmn A Cystourethro- 
graphic Study. MELVIN ZELErskv, M.D. | P3 

Cinecystourethrography in Patients with Spinal Cord ee & LL. J. PERA, 
M.D., A. E. Comarr, M.D., AND E. Bors, M.D. | | 

Percutaneous Transjugular Nile to Adrenal eee James W. 
Lecky, M.D... 

Perprapic Diagnosis of Bes NIH . fdrenal. Ader noma. f. ix: McNv LTY, M. B., 
M. Lea Tuomas, M. R.C.P., anp J. lictE, M.D. 

Malignant Mesenc Baii of the Retroperitoneum. Ar rHuR M. Smiru, M. D.. 
AND JosHUA A. Becker, M.D. | 

Brachial Arteriography of the Surgically Create i adis. fr. Teriovenous Piai 
in Patients Undergoing Chronic Intermittent Hemodialysis by Venipunc- 
ture Technique. Baruc |. Hunwicu, M.D... beoe e d 

Arterial. Placentography by a Simplified Technique; Use of a Teflon Needle 
Catheter. Metvyn H. ScungiBER, M.D., anb MicuaeL D. Howanp, 
M.D. kx 4 s Fw 223 

Acute Traumatic Rupture of the Thor ‘acic Aorta. ELLioT O. Lrecuix, M.D., 
AND KENNETH E. Rosinson, M.D. | 

Traumatic Pseudoaneurysm of the Lifi Ventricle. V. A. Vi IX AND D. í Ki. 5 
LEN | 

Aortic Regurgitation v Following ‘ores in a dash iih. a Acer n L ite 
Prosthesis. Lucien T. Arpiti, M.D., Georce R. HoLswape, M.D., AND 
ISRAEL STEINBERG, M.D. 

Roentgenographic Findings in Extracardiac Injur y  Secondar y Lo Blunt Ches st 
Automobile Trauma. Y. A. FREED, M.D., M. P. NEAL, JR., M.D., AND 
MELviIN Vinik, M.D. 

Cardiomyopathy: A Review of 59 Patients ü ilh Emphasis. on the Pisin C hes st 
Koentgenogram. CHARLES A. Hitt, M.D., THomas S. asin M.D., 
AND WiLLIAM Gaston, M.D. 

The Roentgenologic Pondino: and Approach to Pers sistent Trune us Ar Ler1osus 
in Infancy. bonis E. Vicrorica, M.D., AND Larry P. ELLIOTT, 
M.D. EF" cm, d X UR. UR Oe 53. m 

Plain Film Findings 1 ET Continuation of the Inferior Vena Cava 
Warrer E. Berpon, M.D., anp Davip H. Baker, M.D. 

Alteration of Coagulation Mec hanism of Blood by Contrast Media. Harry L. 
STEIN, M.D., anb MarcareT W. HiLGarTNEeER, M.D. 

The Intermitte nt Phased Injection of Contrast Material into the Heart. NIKO- 
LAUS SCHAD, M.D., JEAN-Pavr Stucky, M.D., HEINRICH BRUNNER, 
M.D., HitpEGARD Scuap, M.D., AND JosepH WeLLaueR, M.D. 

Officers 

Editorials 
Physical Rays and the Kidney. JAN Nypoer, D.Sc., M.D. 

Vincent W. Archer, M.D., 1895-1968. THEODORE E. Keats, M.D. 


404 
470 


477 
479 


The International Commission on Radiation Units and Measurements (ICRU) 481 


News Items 

Book Review 

Books ' Received 

Soctety Proceedings | | 
Abstracts of Radiological Literature 


402 
494 
494 
456 
491 





SX” Headunit 


(formerly manufactured by R. Angrabright) 


"unu tor = 


radiogra -ll [- 


exami- 


nations 


For complete information 
contact your dealer 
or write to... 


SCHICK X-RAY CO., INC. 


415 Green Bay Road, Wilmette, lllinois 60091 
Phone (312) 256-4700 





POSTERIOR 


For brain scanning, Pertscan-99m provides 
more information with less radiation to the 
patient than any other related cerebral test— 
whether other radioisotopes or x-rays. And you 
get each projection fast—as little as 2 minutes 
with a camera, 15 minutes or less with rectilin- 
ear scanners. 


A 54-year-old man was hospitalized with pro- 
gressive weakness of the right side, followed by 
seizures of the right side (Jacksonian seizures). 
Brain scans showed an abnormal concentration 
of isotope in the left parasagittal area. Surgery 
revealed a meningioma, which was removed, 
and the patient recovered. 


The 2 scans above, showing the marked ab- 
normal uptake (which turned out to be a meni- 
gioma), were made with Pertscan-99m. This 
product is shipped Monday through Friday—and 
Sunday. Thus, brain scans can be scheduled 6 
days a week—Monday through Saturday. 


LEFT LATERAL 


INDICATIONS: Adjunctive diagnostic aid in detecting 
and localizing intracranial neoplastic (primary or 
metastatic) and non-neoplastic lesions. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to 
persons less than 18 years old unless the indications 
are very exceptional. 


PRECAUTIONS: Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as all 
personnel; to prevent extracranial contamination be- 
cause this can lead to erroneous interpretation; and 
to differentiate areas of abnormal activity from areas 
of normal vascular activity. 


SODIUM PERTECHNETATE Tc 99m 
Also available: 


C) 


TECHNETIUM 99m GENERATOR KIT 


ABBOTT LABORATORIES NORTH CHICAGO, ILLINOIS 
Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 810464 


TM—Trademartk 





If its a pulmonary problem, Macroscan-131 pictures it! 


A 50-year-old man was hospitalized after complain- 
ing of vague chest pains. Shortly after, he suffered 
a cardiac arrest. An EKG showed no evidence of 
cardiac infarction. A lung scan revealed a de- 
creased concentration of isotope in the right lower 
lobe. This was diagnosed as a pulmonary infarct, 
therapy was instituted, and the patient recovered. 
His scan above, showing the marked diminished 

uptake, was made with Macroscan-131. This prod- 
uct has many MRIghBsue uses: 

ulmonary embolism, suspected: To confirm (or 
tls ou its c occurrence. 
vary tuberculosis: To estimate uni- 
lateral and aqional natoh and perfusion of the 
lungs. 


mphysema: To evaluate the decreased regional 
blood flow that occurs with obstruction of vessels. 


Pneumonitis: To evaluate the decreased regional 
blood flow that occurs without obstruction of ves- 
sels. 

Lung Tumors: To evaluate the regional ischemia 
resulting from compression or obstruction of pul- 
monary arteries. 


.nhronic p uimio 


herapy for lung disorders: 


To evaluate the effectiveness of therapeutic meas- 
ures. 

Macroscan-131 is sterile and non-pyrogenic. It is 
ready to use and should not be heated prior to use. 


INDICATIONS: For scintillation scanning of the lungs to 
evaluate total, unilateral, and regional arterial perfusion 
of the lungs. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to per- 
sons less than 18 years old unless the indications are 
very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken to 
administer the minimum dose consistent with safety and 
validity of data. The possibility of an immunological re- 
sponse to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in 
acute cor pulmonale, because of the temporary small ad- 
ditional mechanical impediment to pulmonary blood flow. 
A possible case of urticaria has been related 

to a similar preparation. The thyroid gland 

should be protected by prophylactic admin- 

istration of concentrated iodide solution. 
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ABBOTT LABORATORIES NORTH CHICAGO, ILLINOIS 


TM—Trademark, 


Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 810483 





Our new protective x-ray aprons 
are much less of a drag. 


No one is ever going to develop an x-ray protective apron 
that's fun to wear. But substantial weight reductions 

now make life easier and more comfortable. Our new 
full-size "Litegard'" protective apron weighs about 

4 Ibs. less than the conventional leaded x-ray apron. 
That's just like removing this much unnecessary 

weight from your pockets. 


And then there is the 'Litegard" mini-apron for the 
smaller figure. Similar benefits: this apron weighs about 
2 Ibs. less than the standard "Litegard". That's just like 
removing this much additional unneeded weight. 


But do you sacrifice protection with these new 

"Litegard" aprons? Decidedly not. Because of some ingenious 
technical innovations (see “Radiology”, Jan. 1966, pg. 146), 
these aprons fully provide the required 0.5 mm. lead protection 
at 80 KV. The weight goes down, the protection does not. 


Now call your local Picker representative or, if it is more 
convenient, fill out this coupon for technical details. 


Picker Corporation 
595 Miner Road, Cleveland, Ohio 44143 


Please send information on: 
Cj "Litegard" apron (full size). LJ "Litegard" mini-apron. 


Name 
Title/Position 
Institution 


Address 


zlp code 


gp———— PHP ——ÁÀ— 





After all, a film that yields the contrast you want, coupled 
with maximum latitude and definition, has to be in a 
class by itself. 

Let your Ilford Technical Representative show you how 


Red Seal on Melinex? will perform in your processing 


system with Ilfomat Chemicals. 


** ILFORD INC. 


West 70 Century Road, Paramus, New Jersey 07652 


1217 East E] Se eundo Boule ard, E] Segundo, Gali 
3566 Elm Street, Hapeville, Georgia 30054 
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makes the difference 
In contrast media 
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IMEGLUMINE LOTHA 


for intravenous urography and 
cerebral and peripheral angiography 
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The new generation of contrast agents... 


lothalamates-different because 


of their chemical structure 


Here's how the difference shows up... 


Over 300 clinical investigations plus six years of 
extensive use in the United States and many 
foreign countries have established CONRAY and 
CONRAY -400 as good, reliable contrast agents 
having world-wide acceptance. 


Specific comparative studies have in fact pointed 
out such findings as: 


(1) In excretory urography : "Meglumine iothal- 
amate 60% [Injection U.S.P.] has a higher degree 
of safety than other similar compounds and a 
lower degree of pharmacologic toxicity." ? 


(2) In excretory urography where greater density 
is desired : "The higher iodine content of Conray- 


400 (40 per cent) compared with [another con- 
trast medium] resulted in twice as many 'excel- 
lent' visualizations with the former as obtained 
with the latter. The number of side effects was 
appreciably less with Conray-400, and there 
were no serious or severe reactions .. .'? 


(3) In cerebral angiography with CONRAY, "In 
all instances, this contrast medium gave an excel- 
lent degree of radio-opacification . . . We have 
been impressed by the absence of signs of dis- 
comfort associated with the actual intra-arterial 
injection of Conray . . . In addition, it has been 
our impression that the patient's subjective com- 
plaints of local cervical discomfort associated 
with periarterial extravasation of contrast medium 
was much less marked with Conray than in 
patients in whom other substances were em- 
ployed.'"^4 


Are you aware of the difference ? 


(see the next page for important product information, including 
statements relating to side effects and contraindications. ) 





Products of advanced research in the contrast media field 


CONRAY 


(Meglumine lothalamate injection 6096) 


for intravenous urography and 
cerebral and peripheral angiography 


Product Particulars: 


CONRAY: Each ml. contains 0.6 Gm. meglu- 
mine iothalamate; not more than 0.11 mg. cal- 
cium disodium edetate as stabilizer: not more 
than 0.15 mg. sodium biphosphate as a buffer. 


Angio-CONRAY: Each ml. contains 0.8 Gm. 
sodium iothalamate; not more than 0.135 mg. 
calcium disodium edetate as stabilizer: not more 
than 0.15 mg. sodium biphosphate as a buffer. 


CONRAY-400: Each ml. contains 0.668 Gm. 
sodium iothalamate; not more than 0.135 mg. 
calcium disodium edetate as stabilizer: not more 
than 0.15 mg. sodium biphosphate as a buffer. 


Side Effects: With CONRAY (meglumine io- 
thalamate 6096) these have been minor and infre- 
quent, and include nausea, vomiting, urticaria. 
However, as with any iodinated intravascular 
contrast agent, the possibility of severe reactions 
exists (neurological complications, the so-called 
anaphylactic response and cardiovascular col- 
lapse). With Angio- CONRAY (sodium iothala- 
mate 8076) and CONRAY-400 (sodium iothala- 
mate 66.876) rapid injection has produced a wave 
of warmth or heat passing over the body, often 
associated with flush. Other transient reactions 
infrequently observed are nausea, vomiting and 
bitter taste. In rare instances, injection of a con- 
trast medium has been reported to produce more 
serious reactions including fatalities. Note: Be- 
cause of the possibility of severe reactions to any 
medium, patients should not be left alone for at 
least 15 minutes following injection. 


Caution: CONRAY-400 (sodium iothalamate 
66.876) and Angio-CONRAY (sodium iothala- 
mate 8096) are not intended for use in cerebral 
angiography. For this purpose, CONRAY (meg- 
lumine iothalamate 6096) is recommended. 


Contraindications: For all three media, caution 
IS required in cases involving severe Systemic 
disease. In patients with advanced renal disease, 
use with caution and then only when need for 
examination dictates. In patients with a history of 
allergy or those exhibiting a positive reaction to 
the sensitivity test, drugs and facilities for emer- 
gency use must be readily available. 


Mallinckrodt 


Pharmaceuticals 


Angio-CONRAY CONRAY-400 


(Sodium lothalamate injection 80%) 


for intravascular angiocardiography 
and aortography 


(Sodium lothalamate injection 66.896) 


for intravenous urography, 
intravascular angiocardiography 
and aortography 


Precautions: For CONRAY-400, cardiac 
arrhythmias, including ventricular fibrillation, 
have been reported with the use of this medium 
in procedures for visualizing the heart. Such oc- 
currences may be associated with situations in 
which appreciable amounts of relatively undi- 
luted medium enter the coronary circulation. 
Facilities for immediate treatment of such reac- 
tions should be available. 


For more detailed information on these products, 
consult your Mallinckrodt representative or read 
the product package insert. 


Well established— Over 300 published clinical 
studies—Efficacy proven in thousands of patients. 


Partial Bibliography: 
1. Kodama, et a/.: Experimental & Molecular Pathology, Supplement 
‘2, pp. 65-80, 1963. 

. Marshall, T. R., and Ling, J. T.: South. M.J. 56:1424, 1963. 

. Koch, A. W,, et al.: Pennsylvania M.J. 68:45, 1965. 

. Smolik, E. A., and Nash, F. P.: Missouri Med. 59:863, 1962. 

. Steinberg, l., and Evans, J. A.: Am. J. Roentgenol. 92:267, 1964. 

. Marshall, T. R., Ling, J. T., and Gonzalez, R.: J. Kentucky M.A. 
(Aug.) 1963. 

. DiChiro, G., Doppman, J., and Ommaya, A. K.: Radiology 
88:1065, 1967. 

. Chase, N. E., and Kricheff, I. l.: Am. J. Roentgenol. 95:852, 1965. 

. Linhart, J. W., Whalen, R. E., and McIntosh, H. D.: South M.J. 
58:793, 1965. 

. Gonzalez, L. L., Lewis, C. M., and Wiot, J. F.: Angiology 75:283, 
1964. 

. Marshall, T. R., Ling, J. T., and Buchanan, J.: Am. J. Roentgenol. 
92:676, 1964. 

. Weibel, J., et al.: Surgery 56:919, 1964. 

. Beall, A. C., et a/l.: Ann. Surg. 757 :882, 1963. 

. Marshall, T. R., and Ling, J. T.: Am. J. Roentgenol. 89:423, 1963. 

. Dotter, C. T., et al.: Northwest Med. 67 :41, 1962. 

. Steinberg, l., and Evans, J. A.: Radiology 79:395, 1962. 

. Marshall, T. R., Ling, J. T., and Gonzalez, R.: Radiology 87 :568, 
1963. 

. Hink, V. C., and Dotter, C. T.: J. Neurosurg. 79:312, 1962. 

. Bernstein, E. F., et a/.: Surgery 57 :663, 1962. 

. Kanick, V., and Finby, N.: Ann. Surg. 55:472, 1962. 

. Straube, K. R., and Dotter, C. T.: Scientific Paper Presented 
Before 11th Internat. Cong. European Soc. Cardiov. Surg., Stock- 
holm, Sweden, July, 1962. 

. Foster, J. H., et al: Scientific Exhibit at 111th Annual Meet. 
A.M.A., Chicago, Illinois, July, 1962. 

. Foster, J. H., et a/l.: JAMA 782:1009, 1962. 

. Sessions, R. T., et a/: Surg. Gynec. & Obst. 775:187, 1962. 

. Straube, K. R., and Dotter, C. T.: J. Cardiov. Surg. 4:400, 1963. 
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Abbott Laboratories is now 
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START STOP RESET 


This is the 
LOGIC™ Well Counter- 


only inches larger than this page 
12% x 44e x13 to be exact 


TM—TRADEMARK 





in Nuclear Instruments 


The LOGIC Series—the most compact counting systems ever designed— 
is available now in 3 models. 


The LOGIC Counting Systems offer: 
Compactness (micrologic integrated circuitry) 
Dependability (pre-tested for 40 hours) — Ó— 
Portability (25-35 Ibs.) contact your Abbott man 
Versatility (choice of 3 models) who knows both instruments 


Quality (backed by Abbott) and radio-pharmaceuticals 


ABBOTT LABORATORIES NORTH CHICAGO, ILLINOIS 
Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 





WHICH KODAK 
RP X-OMAT FILM 
SHOULD YOU CHOOSE? 


THAT DEPENDS 
UPON WHAT YOU 
WANT TO SEE. 


perb general-purpose medical x-ray film. 
Radiologists often describe its advantages 
this way: "With RP Film, information is 
sharply and clearly defined. It is espe- 
cially effective in those examinations 
where the subject contrast imparted by 
bone, air, or contrast agent needs to be 
enhanced to provide maximum defini- 
tion." Radiologists often call KODAK RP 
X-OMAT Film "sparkling." 

KODAK RP/L X-OMAT X-ray Film has 
been carefully designed and tested to 
meet the needs of those who prefer a some- 
what wider range of radiographic 

Each of the three KODAK RP X-OMAT image density. With any good lateral ra- - 
Medical X-ray Films does something differ- diograph of the skull, for example, the 
ent. You make the choice. prominent anatomy will be well recorded. 

KODAK RP X-OMAT X-ray Film isasu- In addition, KODAK RP/L Film will render 

well-defined images of the nose and the 
soft tissues of the scalp and neck. Radiolo- 
gists describing the individuality of RP/L 


RP/S -44 





Film say they prefer it "where a wide KODAK RP/S X-OMAT X-ray Film—o 
range of tissue density needs to be significantly faster film—is designed for 


recorded as in knee, shoulder, and KUB use where short exposures are indicated. 
examinations." Like all KODAK RP X-OMAT Film, it is 
ready to read in just 90 seconds. 


These three films are an integral part 
of the KODAK RP X-OMAT? 90-Second 
System. With these film options, radio- 
logists have, in fact, three systems from 
which to choose...each offering its spe-, 
cial characteristics. Take advantage of 
this choice in x-ray films. Ask your 
Kodak Technical Sales Repe- 
sentative fora demon- 
stration. 


EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, N.Y. 





EXPLOREX 


RADIOGRAPH INTENSIFIER 


Vn 2 — 
COMORES 
x 


EXPLOREX VIEW 


ILLUMINATOR VIEW 


Expands Your Radiographie View 


Electronic radiograph intensification—only General Electric Explorex 
gives you this diagnostic p/us. The Explorex extends visual horizons 
by allowing you to control detail emphasis, edge enhancement, gam- 
ma enhancement, reversal of negative to positive image, brightness, con- 
trast, magnification, minification and input selection. Those challenging, 
difficult-to-diagnose radiographs become easier to interpret when 
viewed on the Explorex. And remote consultation is possible through 
full-function satellite stations. Explorex, the only electronic radiograph 
intensifier. Your GE X-Ray representative has all the details. 


Progress is our most important product 


GENERAL C ELECTRIC 


X-RAY DEPARTMENT œ MILWAUKEE, WIS. 53201 





SYMBOL OF LEADERSHIP 


AECL's new corporate symbol depicted 
above was designed to signify the compa- 
ny's vigorous activity and forward progress 
in the application of atomic energy to the 
fields of medicine, research and industry. 


Originators of the first commercially successful Cobalt 60 Teletherapy unit, AECL maintains its 
leadership by making it unnecessary for the radiologist to confine his treatment prescriptions to the 
limitations of a machine.—With a Theratron 80, the radiologist can exercise his knowledge and 
capability to the fullest extent. Because of its many new and unique features (including provision for 
complete, computerized automation), its remarkable versatility and proven dependability, AECL's 
THERATRON 80 continues to be the outstanding leader in its field. 


\ OC E 
e Atomic Energy of Canada Limited 
Commercial Produc 


P.O. BOX 93, OTTAWA, CANADA TELEPHONE 613/728-1841 c CABLE 'NEMOTA' 





The Baird-Atomic 
Autofluoroscope can do things that 


no other scintillation 
camera can. 


| Fact: The Baird-At Scintillation Camera is the only Cam- 
era that can provide a itation of patient data with real numbers as read directly from 
the front panel. You can d@¢ardiovascular dynamics and cerebral blood flow dynamics 
both visually and quantitatively; And you can do lung, pancreas, thyroid, placenta, and 
other static analyses. The Autofluoroscope is the only system that can provide perma- 
nent patient record storage with instant recall of all the original data in unaltered form. 


Up to three areas of quantitation can be outlined by a light pen and presented to the multi- 
ple pen recorder for a graphic display of total organ activity versus time. It is the only com- 
plete instrument having all the high demand computer functions built into the system. 
Let us prove to you that the Baird-Atomic Scintillation Cam- B BAIRD ATOMIC 
era will do everything we say it will. 33 University Road, - 

Cambridge, Mass. 02138, Telephone: 617 864-7420. Baird- A i 
Atomic Europe, The Hague, The Netherlands. Baird-Atomic Limited, Hornchurch England. 
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SIEMENS 


From our total commitment 


X-ray diagnosis, radiotherapy, nuclear medicine, medical data processing. 
We are engaged with the entire spectrum of medical technology. 

Our research and development people keep close liaison with medical 
research and practice, consequently, we are able to offer the physician 
equipment tailored for his specific tasks. 


- SIEMENS MEDICAL OF AMERICA INC. 
685 LIBERTY AVENUE, UNION, N.J. 07085 





SIEMENS 


SIREGRAPH System Approach 


From its remote control console to the smallest table: & Fully automatic undertable spot film:device 

accessory, the SIREGRAPH is the „System Approach". for use with five various cassette sizes 

to the radiologists” most pressing problems — how to € Built-in 10/6 SIRECON Image Intensifier with 

obtain the highest possible.consistent quality of television. which tracks the X-ray beam through 

information and how to make the most efficient use all angulations of X-ray tube or table 

of his time. € Routine and special techniques including 
planigraphy and zonography 

Outstanding features include: € Choice of recording methods from image system 

@ 90/90 continuously variable speed motor driven 70 mm — 35 mm or 16 mm cine 

tilting table ; 

6 Rotating cradle (optional) SIEMENS MEDICAL OF AMERICA INC. 

@ Iwo way power top 685 LIBERTY AVENUE, UNION, N.J. 07083 
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fter work, 

aybe he'd 
ike to spend 
ome fime 

ith the boys. 


Sure he would. 


Lab technicians are human, N 


00, you know. 
If you're a medical or dental 


lab technician you probably 


know that. Sure lab technicians 
are human and the really good 
ones are superhuman.They have 
to be to keep up with their spe- 
cialty, to keep up with research. 
Well, anyway, maybe you'd 
like to spend some time with the 
boys. Get away for a change. 
You'll get paid for it. And 
you'll be helping your country. 


One weekend a month and 15 - 


active duty days a year. 


3 | AJR-810 


The Air Force Reserve needs 
you. Badly. 
Especially it you're super- 


AIR FORCE RESERVE 
HQ CAC IPRP-C) 
Robins AFB, Ga. 31093 


Please send me information about 


joining the Air Force Reserve. 


C] ! have had prior military service. 


[] | have not had prior military service. 


My specialty is: 


NAME 
PLEASE PRINT 
ADDRESS 


ALAY — 
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Theres nothing new about Dual Head Scanners. 
Weve made them for six ipn JU 


" fn 
51x years of proven clinical effec- ! 
tiveness with Dual Head Scanners, | 
has brought one fact to light... 
don’t plan the obsolescence of your 
radioisotope scanner before you 
purchase one. 
The Model 54FD Dual Five is the 
only scanner available that provides 
scallop-free photoscans. The 500 
cm./m'n. maximum scan rate pro- 
duces two opposed, simultaneous 
photoscans before most other units 
have barely completed the first view. 
An exclusive miniscan system allows 
a whole body scan to fit on a single 
14" x 17" film. A self-contained pa- 
tient couch affords the patient com- 
forti, with no need for additional 
movement. 
The Model 54 may be purchased 
as a single head unit, and can be 
converted to a Dual Head unit right 
in your department. 
Optional accessories include an 
inexpensive positron counting cir- 
cuit and a two-isotope subtraction 
circuit. 
Write for the NEW Dual and 
Single Head, Five and Eight Inch 
Radioisotope Scanner Brochure. , , 
"a lis fi 
-eeeolle§ | iseverye™ 
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ohio-nuclear, inc. 
1725 Fall Avenue, Cleveland, Ohio 44113 (216) 621-8142 





Pull a fast film ~ 
and get a perfec 
mage in 90 secon 


hen you're looking for quality and speed 
it’s time for a good look at GAF-X.™ 


New GAF-X medical x-ray film gives you 
a diagnostic quality image in only 90 
seconds. Consistently! 


Quality 90-second radiographs become 
a reality with polyester-base GAF-X. 

Results are excellent in any processing 
equipment, including manual systems. 


GAF-X is particularly applica- — 
ble in special procedures where 
excellent contrast and exposure lati 
tude are required. 


GAF-X film lets you capture the finest detail 


in all radiographic studies. 


GAF Corporation 


(Formerly Genera! Aniline & Film Corporation) 
140 West 51 Street, New York, New York 10020 


F-X 90-second x-ray film. 


another 
fine product 
from 


12868-1090 
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Barnes-Hind Barium Products 
Subsidiary of Barnes-Hind Pharmaceuticals, Inc. 


Sunnyvale, Calif. 94086 





The no-mix. 


We took the construction work many patients the coating of 
out of barium sulfate. Esophotrast lasts up to 15 min- 
We premixed it into a smooth, utes (ample time for fluoroscopy 
creamy, instantly ready esopha- and radiography of the esopha- 
geal contrast medium. eus and evaluation of heart size). 
Before, coating was often a Now you don't have to cajole 
hit-or-miss operation (‘home- your patients into drinking cup- 
brewed' barium can be too thin, ful after cupful of barium...the 
too thick or just plain settled 1 oz. of Esophotrast, usually all 
out). that's needed, is nongritty and 
Not anymore. fruit-flavored—a really pleasant 
Now, in seconds, you can pho- medium to take. 
tograph your patient's esopha- And it’s just a squeeze of a tube 
geal tract...easily take 3,4,even away. 


5, plates after an initial dose. In So why mix your own? 


Esophotrast 


(barium sulfate) 
Instantly ready esophageal cream 


Recommended dose: 1 tablespoonful “chewed” thoroughly 
before swallowing. Repeat with a second tablespoonful to ensure 
prolonged adherence and coating of the esophageal mucosa, 





Master jacket is dense, high-impact Fiberglas. Non-sweating; 
won't crack or bulge. 

smooth inner surface with widely rounded corners makes it far 
easier to clean than a stainless steel tank. 

Inserts are type 316 stainless steel for rapid heat exchange and 
high corrosion resistance. 

Towel rack included as standard equipment. 


Fiberglas tank with two 5-gallon inserts 
Fiberglas tank with two 212-gallon inserts 


No. 346-TV-L. Thermostatic control valve (photo at left) controls 
water temperature automatically; has manual lever for easy adjust- 
ment to desired temperature. Includes mixing chamber, flow control 
valve, check valves, vacuum breaker, replaceable filters and dial- 
type thermometer. 

No. 347-TV-L. Same as above, but without thermometer, vacuum 
breaker and flow-control valve. 

No. 318-TC. Overall tank cover; stainless steel. 

No. 326-TC. Insert cover for 5-gallon insert; stainless steel. 

No. 326-TC-H. Same as above, but for 212-gallon insert. 


No. 318-T-PB. Overflow plumbing, shut-off valve. 


Write for detailed literature 





L-F ADDS 
HIGH DIAGNOSTIC 
QUALITY 


ALUMINUM 
INTERSPACED 
GRIDS! 


Announcing a new line of L-F Aluminum 
Interspaced Grids—the 103 line Ultralüm 
Grid and the 85 line Micralüm Grid. Both 
available in parallel, focused, or crossed 
types—and in ratios from 5:1 tö 12:1. 
These new grids complement the well- 
known line of L-F Fibre Interspaced Grids 
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with 105, 80 or 60 lines per inch. Now 
today's widest choice of x-ray grids IS 
available from a single source—Liebel 
Flarsheim. And thats the name you can 
count on for highest quality. 

Write for details or see your x-ray equip- 
ment supplier. 


IGHEIIVI 


P.I L i EVI 


CINCINNATI, OHIO 45215 


DIVISION OF RITTER PFAUDLER CORPORATION 





SPECIFY this new 
D UNLEE Rotating Anode Unit 


for your heavy duty 
radiographic uses 


The Dunlee HRF-15 unit is a general purpose over or under table shockproof 
rotating anode X-ray tube unit with improved engineering and design features 
to meet the exacting requirements of diagnostic service up to and including 
150 KVP. The Dunlee HRF-15 unit has an extremely high rating capability and 
IS available in a selection of focal spot sizes. 


Available with 
€ Mammography tube 
9 135,000 pure tungsten target 


9 170,000 rhenium tungsten molybdenum backed target 


Get the extra advantages of this new Dunlee tube on your 
next order. Write for complete technical information today. 


CORPORATION 


DEPT. B, 1023 S. CERNAN DR. * BELLWOOD, ILLINOIS 60104 
Telephones: Bellwood: Linden 7-9535 e Chicago: COlumbus 1-6931 





MICROPAQUE nov comes 


premeasured 
prepackaged 
for single-use 
by either route 


BARIUM SULFATE U.S.P. FORMULATION 


ae 
7,441 
t " 
AK g 
Pi 


Xn A 
[ "Jl Maj jee 


/ 
[A 


Ask your local Picker representative 
about our special introductory offer on 
Micropaquettes and Enema Kits. 

Call any local Picker office, or write 

Picker X-Ray Corporation, White Plains, New York. 
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MICROPAQUETTES are now available with 
2 02. or 4 oz. MICROPAQUE content. Simply empty 
a packet into your mixer, add indicated water, 
mix, and there's your correct dose. Content is 
premeasured by weight, not volume, so it's easy 
to whip up the exact quantity you need, with ac- 
curate control of density, making it as thick or 
thin as you want. Convenient, time-saving. 


MICROPAQUE DISPOSABLE ENEMA 
KITS contain everything you need for a single 
enema: a plastic enema bag, six feet of tubing 
with a faucet connector on one end, a rectal 
acorn on the other, and 10 oz. of MICROPAQUE 
To use, simply fill the bag with water, knead the 
bag to mix the charge, and promptly administer 
Discard after the examination . . . no measuring 
no pouring, no clean-up, no cross-infection hazard. 


single-use economy 


either Way, there's no waste: you mix only as 
much as you need, one packet or bagful per patient. 
No unused surplus to squander down the drain. No pos- 
sibility of contamination with dust or dirt. 


either way, you combine the proven virtues ot 
MICROPAQUE with new ease and accuracy in dis- 
pensing. 





Your Procedure 
Determines 
Your Installation 


If your procedure demands the unusual, a GE x-ray 
system is the only way to satisfy your demands. The 
installations shown here are examples of diagnostic 
apparatus that we have tailored to meet individual 
requirements. 


General Electric, working closely with physicians all over 
the United States has installed hundreds of specialized 
X-ray systems to meet a variety of procedural 
requirements. These specialized X-ray installations are 
contributing to significant diagnostic achievements. 


Through painstaking appraisal of your individual 
requirements, the exact equipment will be installed to 
perform the specific examinations desired. Whatever your 
preference—16 mm or 35 mm cine: high speed roll or 
sheet film changers; 525 or 875 line TV systems; 
standard, bi-lateral or bi-plane suspension of tubes and 
intensifiers; floating top, rotating cradle or angulating 
x-ray tables; all matched to the appropriate high 
performance power system. Start building your special 
system now with your GE representative and achieve the 
dynamic viewing your procedure deserves. 


Progress is our most important product 
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X-RAY DEPARTMENT œ MILWAUKEE, WISCONSIN 53201 





VASCULAR PROCEDURE 
INSTALLATIONS 
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Youll also be 
Interested in these 
new books... 


e THE CARE OF RADIATION CAS. 


UALTIES by John Blakely, Medical 
Officer-in-Charge, United Kingdom 
Atomic Energy Authority. '68, 136 pp., 
17 il. (1 in color), 10 tables, $5.50 


SELECTIVE RENAL ARTERIOG- 
RAPHY: Its Application to the Diag- 
nosis of Renal Vascular and Parenchy- 
mal Lesions by Ivan L. Bunnell, State 
Univ. of New York at Buffalo. '68, 
248 pp. (64 x 94), 183 il., $18.75 


AN ATLAS OF PATHOLOGIC 
PNEUMOENCEPHALOGRAPHIC 
ANATOMY by Giovanni Di Chiro, Na- 
tional Institute of Neurological Diseases 
and Blindness, Bethesda; Mannie M. 
Schechter, Albert Einstein College of 
Medicine, New York City; and Ingmar 
Wickbom, Univ. of Gothenburg Medi- 
cal School, Sweden. '67, 594 pp. (11 x 
815), 926 il. (5 in color), $49.50 


ROENTGENOLOGY OF THE 
SPLEEN AND PANCREAS by Josef 
Rosch, Charles Univ., Prague. '67, 376 
pp. (0% x 94), 434 il., $29.75 


NUCLEAR EXPLOSION CASUAL- 
TIES: A Presentation and an Evalua- 
tion of Biological, Technical and Other 
Information for Over-All Medical 
Planning by Evert Schildt, Jr., Swedish 
Research Institute of National Defense, 
Stockholm. '67, 186 PP.. 29 11., $10.50 


ERROR AND VARIATION IN DI- 
AGNOSTIC RADIOLOGY by Marcus 
J. Smith, St. Vincent Hospital, Santa 
Fe. '67, 208 pp., 68 il., 18 tables, $8.75 


CLINICAL RADIOISOTOPE SCAN- 
NING by Yen Wang, Univ. of Pitts- 
burgh, Pa. '67, 260 pp. (694 x 974), 280 
il., 8 tables, (Amer. Lec. Roentgen Di- 
agnosis edited by Lewis E. Etter), $12.50 


10 NEW BOOKS FOR 
ROENTGENOLOGISTS 


X-RAY DIAGNOSIS OF CONGENITAL CAR- 
DIAC DISEASES by Larry P. Elliott and Gerold 
L. Schiebler, both of Univ. of Florida College of 
Medicine, Gainesville. With a Foreword by Paul 
C. Hodges. Eleven congenital cardiac malforma- 
tions and malpositions are discussed. An enun- 
ciation of fundamental principles stressing the 
normal and abnormal features in a chest X-ray 
inaugurate a functional approach in composing 
the schema which is used to dissect the roentgen 
features. '68, 260 pp., 221 il., 3 tables, $11.50 


HODGKIN'S DISEASE compiled and edited by 
David W. Molander, Cornell Univ. Medical Col- 
lege, and George T. Pack, New York Medical 
College. Both of New York City. (With 7 Con- 
tributors) Outlines the etiological, pathological, 
immunological, and radiological factors of 
Hodgkin's disease, and discusses the areas where 
isotopes have proven to be useful. The editors’ 
experience in managing patients with this disease 
Is described along with the necessity for a com- 
plete initial evaluation of the patient and clin- 
ical staging. '6$, 228 bp. (7 X 10), 121 il., 39 tables, 


515.00 


CANCER THERAPY BY INTEGRATED 
RADIATION AND OPERATION compiled 
and edited by Bejamin F. Rush, Jr., and Robert 
H. Greenlaw, both of Univ. of Kentucky College 
of Medicine, Lexington. With a Foreword by 
Charles Tucker. (With 40 Contributors) Covers 
the basic experimental data concerning com- 
bined therapy, dosage, time, type, and interrela- 
tion of treatment. Effect of preoperative radia- 
tion on subsequent operative morbidity is con- 
sidered with the necessary modifications in op- 
erative technique. '68, 176 pp. (7 x 10), 58 il., 
82 tables, $12.75 


CHARLES C THOMAS * PUBLISHER 


301-327 East Lawrence Avenue 
Springfield * Illinois * U.S.A. 





We cant give you Wa helping hand, 
. butwellsell you one. 


3M X-Ray Phantoms help graphic. adult human bonesembedded 
you in... 6. Photofluorographic, Mam- in transparent, nongranular 
1. All studies normally requir- mographic and Seriographic. plastic. Specific gravity, atom- 
ing exposure to humans. 7. Testing X-Ray apparatus in- ic number, absorption and sec- 
2. Teaching skeletal anatomy cluding grinds, films, screen, ondary radiation-emitting 
and its relation to surface etc. characteristics are virtually 
marks. Pictured is just one of our ten identical with living tissues. 

3. Demonstrating preferred 3M X-Ray Phantoms. The 3M Phantoms are available 
radiographic positions. other nine include: Skull, Den- from your X-Ray products 
4. Demonstrating and measur- tal, Pelvis, Foot and Ankle, El- dealer. For more information, 
ing density, detail, distortion oon. twn Chest, Breast and contact himorwriteus directly. 
and contrast. a 24x22cm. tissue-equivalent | : 
5.Determining optimum-expo- Step Wedge for comparative Photographic 

sure techniques—especial- studies. Products COMPANY 
ly Cineradiographic, Plano- All3M X-Ray Phantoms are 3m CENTER ST. PAUL MINNESOTA 55101 
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cutfilm changer 


Twenty years ago Schonander was already building 
automatic units for rapid serial radiography. The first 
model was a cassette changer for standard metal 
cassettes. The development went via special lightweight 
cassettes and rollfilm to a system using Cassette-less 
standard cutfilm. 


Here are some of the features which have led to the fact 
that most American radiologists today call their film 
changers ''Schonanders''. 


Diagnostic Accuracy 


m High power of resolution allows studies of fine anatomi- 
cal details in full size radiograms. m Large exposure angle 
permits optimal exposure factors and makes angiographic 
examinations of heavy patients possible, even at 6 pictures 
per second. m Alternate, synchronized exposures in biplane 
operation keeps scattered radiation fog at lowest possible 
level.  Edge-near exposure field allows proper patient 
positioning in all cases. 


Time-Saving Operation 
W The Cassette-less cutfilm system offers unmatched con- 


venience and speed in loading, unloading, taking of test 
pictures, processing and viewing. 


Universal Application 


E Exposures on 147 x 14" or 10°’ x 12"' film size at ex- 
posure rates from 6 pictures per sec. to 1 picture in 5 sec. 


with versatile programming facilities, covers the whole field 
of vascular examinations. ™ Compact physical dimensions 
make the Schonander Cutfilm Changer adaptable to vari 
ous kinds of examination tables. m Each film changer is a 
separate unit allowing either single or biplane application. 
m Single plane equipment converts easily to biplane. m 
Economy type exposure rate selector available. 


Automatic Film Marking 


m Consecutive numbering or time-marking and patient iden- 
tification on each film. 


Installation and Service 


Every Schonander dealer is supported and assisted by our 
expanding technical service staff in the installation and 
servicing of all Schonander equipment. Comprehensive 
overhaul service and upgrading of older style film changers 
using factory procedures is available in our well equipped 
Mount Prospect service shop. 


For more details, contact your X-ray dealer or write: 


ELEMA-SCHONANDER, INC. | 


SESE pP O Box 130. Mt Prospect, Ill. 60056 | 
Telephone: (312) 259-7206 





Available through 
Pyne X-Ray and 
4 their distributors 


-RAY CORPORATION 


U. S. Distributors of FUJI Kx and Rx Film warehoused in New York, Chicago, Los Angeles 
Dealers in all cities throughout the country. 
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Mind if 
we watch what 
you're doing? 


: 


With our film badge. 


Radiation monitoring. Indispensable for everyone 
in your radiology department. For everyone who 
works near X-ray diagnosis and radium- or cobalt- 
therapy equipment. And for your secretary and 
office staff, as well. 

Our Nuclibadge® film-badge monitoring 
service. Prompt, accurate reporting because we've 
automated film-processing and record-keeping. 
Easy to use, because all you do is wear the badge. 
Legally acceptable records, too, because we keep 
both exposed film and exposure records on per- 
manent file. 

Information without obligation. In our booklet, 
"Answers to Your Questions About Radiation 
Monitoring." Write for your copy. 6-251 


Q 


NUCLEAR-CHICAGO 


A SUBSIDIARY OF G. D. SEARLE & co. 
307 E. Howard Ave., Des Plaines, Illinois 60018 
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E Litton Medical Products 


E A Litton Industries Group, Profexray Division 
515 East Touhy Avenue e Des Plaines, Illinois 60018 





IMPROVED 


Van de Graaff” 
ACCELERATOR 


Improved Model AM Va 


er 


n de Graaff is the result of 


experience gained in 40 previous installations, 


MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 


Today's Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 
precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
good reasons: 


e |ts less than 3 mm "point source" 
of x-rays allows optimum technics 
for both large and small treatment 
fields. 


e Its treatment beam is accom- 
panied by negligible penumbra. 


e |ts Roentgen output exceeds that 
of a 5000 curie cobalt source. 


e |ts x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 


e |t can be operated easily by a 
technician without a staff physi- 
cist in attendance. 


The Model AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. It offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
— including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM is routinely operated 
by an easily-trained technician. 


HIGH VOLTAGE 
ENGINEERING corporation 


BURLINGTON, MASSACHUSETTS 
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RADIOISOTOPE AND RENAL FUNCTIONAL 
CHARACTERIZATION OF THE BABOON 
KIDNEY DURING NORMOTHERMIC, 
BLOODLESS, ISOLATED PERFUSION* 

By P. D. VAN HEERDEN, G. S. JOHNSTON, C. P. RETIEF, J. A. VAN ZYL, 
J. W. VAN ZYL, and G. P. MURPHY} 


BELLVILLE, SOUTH A FRICA 


qu report describes the zz vitro renal 
circulatory responses correlated with 
various radioisotopic assessments during 
isolated bloodless, normothermic, normo- 
baric perfusion in baboon kidneys. Similar 
studies were performed on kidneys after 
24 hour hypothermic, hyperbaric, renal 
preservation with exposure to helium or 
oxygen gas. 

These studies on a sub-human primate, 
the South African baboon, are part of an 
extensive renal allotransplantation research 
project. This type of experimental primate 
research has close application to current 
problems in human kidney transplantation. 
Radioisotopic characterization of the renal 
circulatory alterations during and after 
isolated kidney preservation is proving 
helpful in the selection of a better system 
for renal storage and perfusion. 


MATERIAL AND METHOD 


Kidneys were obtained from 47 healthy, 
conditioned fasted male and female baboons 
(Papio papio, subspecies Papio ursinus) 
The animals were supplied from the Stel- 
lenbosch-Hopkins primate project in Bell- 
ville, Cape Province, South Africa. All 
animals were lightly anesthetized with 
phencyclidine hydrochloride* (.1 mg. per 
kg. body weight). The kidneys were re- 
moved under sterile conditions, the vessels 
cannulated and the organs immediately, 
gently irrigated with dilute heparinized 
normal saline. All remaining capsular fat 
and other attached tissues were dissected 
off and the organs were weighed to the 
nearest 0.1 gm. before and after each ex- 
periment on a Harvard torsion balance. 


* Sernylan—Parke Davis & Co., Detroit, Michigan. 


* From the Faculty of Medicine, University of Stellenbosch and the Karl Bremer Hospital, Bellville, Cape Province, South Africa. 
T Radioisotope Service, Walter Reed General Hospital, Washington, D.C. 

i James Buchanan Brady Urological Institute, the Johns Hopkins Hospital, Baltimore, Maryland. 

Publication No. 6 from the Stellenbosch-Hopkins Primate project. 
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Thirty-eight kidneys were attached to an 
isolated normothermic, normobaric, blood 
less perfusion system for an average dura 
tion of 3 hours. The perfusate was exposed 
to either a 100 per cent oxygen or helium 
gas, the experiments being alternated with- 
out bias. Radioisotopic studies were per- 
formed at the end of the perfusion experi- 
ments. Nine kidneys were placed on hy- 
perbaric (1,500 mm. Hg gauge pressure or 
2,260 mm. Hg absolute), hypothermic (4° 
C.), isolated, bloodless perfusion storage 
system for 24 hours.t The pressurized gas 
in the hyperbaric vessel, to which the kid- 


ney and the perfusate were exposed, con- 
sisted of a mixture of 5 per cent oxygen and 


95 per cent helium in 2 instances, 100 per 
cent oxygen in 5 instances and 50 per cent 
of each gas in 2 instances. These gas mix- 
tures represented approximate partial pres- 
sures of oxygen of 100 and r,100 mm. Hg, 
respectively. Following the period of renal 
storage all of these kidneys were then sub- 
jected to normobaric, normothermic per- 
fusion for periods of 1 hour or more with 
the perfusate exposed to 100 per cent oxy- 
gen. 

The perfusate most commonly used was 
a 5 per cent Invert sugar replacement solu- 
tiont to which zo ml. of 6 per cent clinical 
dextran in saline was added. To maintain 
the pH within the physiologic range, 8.6 
per cent NaHCO; solution was added as 
required. The isolated renal perfusion sys- 
tem has been fully described elsewhere? 
and the essential components are Illus- 
trated in Figure 1. These include, as shown, 
1 or 2 kidneys (K). In the present study 
onlv a single kidney was perfused or stored. 
An electromagnetic flow meter (FM) moni- 
tored the pulsatile flow from a calibrated 
Sarnes roller pump (PP). The gas was 
stored in a cylinder (C) and bubbled 
through a disposable oxygenator (HR). 
Perfusate solution (P) was added as nec- 
essary to compensate for urinary loss and 


I Constructed in part at Duke University, Medical Center, 
Durham, N.C. 

1 Baxter Laboratories, Morton Grove, [ll., [ swathes and Keat- 
ings Ltd., Johannesburg, S.A. 
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leakage from small unligated vessels. A 
scintillation probe* (DP) was placed over 
the kidneys in the water bath (WB), main 
tained at 37° C. by a heater element (HC). 
Radioisotopic clearances were continu. 
ously recorded by means of a ratemeter 
and linear strip chart recorder.T The urine 
(UR) produced was collected in a measur- 
ing cylinder (U). The ,CO,, ,O, and pH of 
arterial and venous fluid were serially 
monitored on a gas and pH meter.i A 
perfusion rate of more than 2 ml. per min. 
per gm. of kidney tissue was maintained 
in all normothermic, normobaric perfu- 
sions. During 24 hour renal preservation 
the rate of pulsatile perfusion averaged 
only o.2 ml. per min. per gm. of kidney 
tissue. 


RENAL FUNCTIONAL MEASUREMENTS 


The clearance of PAH (Cran) and crea- 
tinine (Ce) during isolate renal perfusions 
was determined as described previously 
from this laboratory. Arterial (A), and 
venous (V) line samples were simultane- 
ously obtained during clearance periods 
for the extraction ratios of PAH and crea- 
tinine (E = A-V/A). In-line pressure (mm. 
Hg), urine output (ml. per min. and ml. 
per min. per gm. kidney tissue), ,CO,, ,O, 
and pH of the perfusate were monitored at 
30 minute intervals. Renal arterial flow 
(ml. per min. per gm.) was constantly mon- 
itored and recorded at the same time inter- 
vals as the blood gas and pH measurements. 

Arterial, venous and urinary samples 
were used for determination of the follow- 
In 


Sodium (mEq/L.) 

Potassium (mEq/L.) 

Chloride (mEq/L.) 

Osmolar clearance (ml. /min.) 

Net tubular reabsorption of solute free 
water (T'HO) 

Filtration fraction (C../Cpan) 

Effective renal cortical flow (ERCF 
= Ep.nuXRenal arterial fow ml. /min. 

* Picker Radioisotope probe. 


t Texas Instrument Co. 
| Instrument Laboratory Model 113. 
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Baboon Kidney During Perfusion 





Fic. 1. The isolated renal perfusion system employed using either helium or oxygen gas. The Picker 
scintillation probe is seen located above the kidneys. 


Oxygen consumption (microliters of oxy- 
gen per ml. per min. per gm. of kidney 
tissue) 

Tubular reabsorption of sodium = PNa* 
x C, /urine Na*X V-100 per cent 


RADIOISOTOPE ASSESSMENTS 


I. Xenon 133 method. ^ bolus of 200 to 
400 uc Xe? dissolved in less than 0.5 ml. 
isotonic saline was rapidly injected into the 
arterial line during isolated renal perfusions. 
Simultaneously the venous line was di- 


verted into a large plastic beaker. The rate 
of disappearance of Xe” was externally 
monitored by the scintillation probe placed 
over the kidney. The distance from the 
surface of the crystal to the renal capsule 
was 6 inches in all instances. The chart 
speed was 3 inches per minute and the 
pulse-height analyzer was set at 55 to 85 
kev. The counts per minute were then 
plotted on a logarithmic scale, the three 
exponential components representing the 
renal circulation were derived and calcu- 
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lated in the standard manner. The fourth 
component of renal circulation was absent 
owing to the absence of perihilar and peri- 
capsular fat. 

Figure 2 illustrates a typical xenon 133 
clearance curve obtained during one of the 
experiments. From the slopes of the differ- 
ent components, the flow rate in ml. per 
100 gm. per minute was clacualted from 
the following equation: 


106 


T WE I 
T V210 
T V2 
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T$ X X 100 


Boe * ; 
6:693 X SiG. 





where / equals the flow rate in ml. per 100 
gm. per minute, A the partition coefficient 
of the xenon 133 and S.G. the specific 
gravity of the tissue. For purpose of the 
present study, a value of 1.62 was used for 
the partition coefficient for xenon 133 
when water was employed to perfuse the 


0:33 mins. 
1:08 mins. 
11:3 mins. 


FLOW I = 324 mli/1300gm/min 


FLOW Il = 
FLOW I= 


99 mi/100gm/min 
9 mli/100gm/min 


38*/, of kidney mass supplied by I 
62*/. of kidney mass supplied by II 


103 10 


20 
TIME (mins.) 


liG. 2. Typical Xe!? clearance curve obtained during one of the studies. Note absence of a 
fourth component. 


30 
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kidneys.? The specific gravity was taken as 
1.05. The percentage contribution of each 
component to the initial count rate (40) 
was determined and the relative kidney 
mass supplied by each component cal- 
culated.! The renal relative mass equaled 
(Ao) where F is the flow rate in the varlous 
components. As Component III was rela- 
tively insignificant, the percentage mass 
supplied by Component I and II was cal. 
culated from the following equation: 
Per Cent mass supplied by Component 


I or Il 





2. Labelled carbon microsphere method. 
The distribution of labelled carbon micro- 
spheres* was determined in several experi- 
ments.’ Carbonized microspheres with a 
diameter of 15 +5 micron and labelled with 
strontium 85 and scandium 46 (35 +5 mi- 
cra) in a dose of 2 microcuries suspended 
in 1 ml. of 6 per cent dextran were in- 
jected into the arterial line at completion 
of the isolated renal perfusion. After the 
completion of the perfusion, fresh wet 
slices cut from the outer cortex, inner cor- 
tex and medulla were placed in plastic 
counting tubes and the radioactivity of the 
slices measured in a well counterf (counts 
per min. per gm.). In some experiments 
samples of perfusate from the arterial and 
venous lines and urine were similarly as- 
sayed for radioactivity after centrifuga- 
tion. Both the supranatant fluid and resi- 
due were analyzed. Portions of kidney were 
fixed in 10 per cent formalin solution and 
thick sections stained with hematoxylin 
and eosin were examined by light micros- 
copy to determine the location of the la- 
belled microspheres. Fourteen intact 
baboons and 22 vervet monkeys received 
20 uc of radiocarbon particles injected into 
the left ventricle in intact animals or into 


* 4M Company, St. Paul, Minnesota. 
T Picker well counter. 
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the aorta just above the renal arteries in 
animals where the vessels were exposed at 
laparotomy. The kidneys were immedi- 
ately removed and slices of renal tissue used 
for radioisotopic assay. Other kidneys were 
stored for 24 hours and then subjected to 3 
hour isolated perfusion before being as- 
sayed for radioactivity. 

3. Hg?* chloromerodrin method. Three 
microcuries of Hg?" chloromerodrin were 
injected into the arterial line during 1so- 
lated kidney perfusion with the perfusate 
exposed to oxygen or helium. At the com- 
pletion of the experiments slices of outer 
cortex, inner cortex and medulla and sam- 
ples of perfusate from the arterial and 
venous lines and urine were assayed as de- 
scribed above. Other special studies used 
will be described in the pertinent results. 

Statistical analyses including / test, 
mean, +1 standard deviation, and variance 
analyses were carried out on all data. The 
principles and practices of the American 
National Society for Medical Research and 
the South African Animal Welfare Society 
were observed throughout these experi- 
ments. 


RESULTS 
(A) RENAL FUNCTIONAL RESULTS 

Only those renal functional results ob- 
tained during the periods of radioisotope 
study will be presented herein. 

Oxygen or helium perfusion. The renal 
functional results obtained in 38 baboons 
during radioisotopic study with exposure 
to helium or oxygen gas are summarized in 
Table r. 

Kidnevs exposed to helium gas have a 
low ,Os with almost immeasurable renal 
oxygen consumption. The low ,O» values 
represent the residue oxygen which is not 
completely washed out during helium ex- 
posure. A modest osmotic diuresis 1s found 
with near physiologic values’ for glomer- 
ular filtration rate and renal flow at the ob 
served arterial pressure during helium 
exposure (Table 1). In contrast, kidneys 
exposed to oxygen during isolated renal 
perfusion displayed relative renal vasocon- 
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striction as indicated by the higher renal 
arterial pressure (average 39 mm. Hg 
greater than helium exposed kidneys) and 
lower renal flow rates (average o.10 ml. 
per min. per gm. kidney tissue less than 
helium exposed kidneys). This amounts to 
more than 100 per cent higher renal re- 
sistance in the oxygen exposed kidneys 
than in those exposed to helium. The ex- 
tractions of creatinine and PAH were lower 
in the oxygen exposed kidneys. The etfec- 
tive renal cortical flow was reduced during 
oxygen exposure. Tubular reabsorption of 
sodium was remarkably similar in helium 
and oxygen exposed kidneys, despite the 
great differences in renal oxygen consump- 
tion. Oxygen exposed kidneys achieved a 
greater osmolar clearance associated with 
increased tubular reabsorption of solute 
free water. This feature is believed to be 
responsible for the greater weight gain in 
the oxygen exposed kidneys during the 
perfusion. Oxygen exposed kidneys also 
had greater losses of urinary sodium per 
time period than the helium exposed kid- 
neys. Filtration rates and fractions were 
similar in oxygen and helium exposed kid- 
neys. 

Oxygen perfusion after 24 hour hypother- 
mic, hyperbaric perfusion with perfusate ex- 
posed to 50 per cent oxygen and 50 per cent 
helium (5 kidneys). After 24 hours preser- 
vation the organs were subjected to normo- 
baric, normothermic perfusion for 1 hour 
with the perfusate exposed to pure oxygen. 
Arterial line pressures averaged 140 mm. 
Hg. Urinary flow rates were generally 
above 7.0 ml. per min. The renal arterial 
flow rates dropped to an average of 2.5 ml. 
per min. per gm. of kidney tissue. Creati- 
nine clearances and extraction of PAH and 
creatinine were similar to the values ob- 
tained in fresh kidneys subjected to per- 
fusion with oxygen exposed fluid. Effective 
renal cortical flow rate was reduced to an 
average of 7.8 ml. per minute. Per cent 
sodium reabsorption averaged 98 per cent. 
Oxygen consumption averaged 0.33 micro- 
liters of O; per ml. per min. per gm. of 
kidney tissue, An osmotic diuresis with 
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osmolar clearances above 9.5 ml. per min- 
ute was observed. Net tubular reabsorp- 
tion of solute free water ((T-H,O) averaged 
o.20. Urinary electrolyte losses were similar 
to those found with helium exposed perfu- 
sion of fresh kidneys. The average weight 
gain of 7.2 per cent was low and theretore 
the documented vasoconstrictive effects of 
oxygen exposure noted during isolated 
bloodless perfusion were still evident in 
kidneys exposed to 5o per cent helium and 
so per cent oxygen. Renal cortical circula- 
tion was reduced after this form of renal 
preservation to the same degree as during 
isolated perfusion with oxygen exposure. 
Fifty per cent helium during preservation 
did not produce the same renal circulatory 
effects observed during isolated bloodless 
perfusion with exposure of the perfusate to 
pure helium. 

Oxygen exposed perfusion after 24 hours 
preservation with perfusate exposed to Q5 per 
cent helium and 5 per cent oxygen. Com- 
plete renal functional assessments were ob- 
tained in 2 kidneys with radioisotopic 
studies during oxygen exposed bloodless 
perfusion after 24 hours renal storage with 
exposure of the perfusate to 95 per cent 
helium and 5 per cent oxygen. Renal ar- 
terial pressures remained above 200 mm. 
Hg at renal arterial flow rates of 2.30 ml. 
per min. per gm. of kidney tissue. Effective 
renal cortical flow improved to the level ot 
17.0 ml. per minute, with average creati- 
nine clearances of 21.0 ml. per minute. Ex- 
tractions of PAH and creatinine averaged 
0.22 and o.20, respectively. Per cent sodium 
reabsorption averaged 97.6, and oxygen 
consumption ranged from 0.90 to 0.97 
microliters of O. per ml. per min. per gm. 
of kidney tissue. Osmolar clearance and 
TcH.O were similar to those of oxygen ex- 
posed kidneys, without a marked loss of 
urinary sodium. A 21 per cent average 
renal weight gain was observed. The renal 
functional performance of kidneys pre 
served with perfusate exposed to § per cent 
oxygen and 95 per cent helium for 24 hours 
and later perfused with oxygen exposed 
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fluid was therefore somewhat improved, 
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The functional improvements noted are in 
marked contrast to the results obtained 
when the preservation gas was a mixture of 
50 per cent oxygen and 5o per cent helium 
on subsequent isolated perfusion in the 
presence of oxygen. The renal functional 
improvement was chiefly owing to an in- 
crease in renal cortical flow rate, and 
glomerular filtration rate. Increased renal 
arterial pressure was observed during the 
subsequent perfusion with oxygen exposed 
fluid and is believed to be associated with 
the vasoconstrictive effects of oxygen on 
the isolated kidney.® 


(B) XE? CLEARANCE 


These measurements were performed on 
20 isolated kidneys perfused with fluid ex- 
posed to either 100 per cent helium or 100 
per cent oxygen as well as on 5 kidneys 
previously preserved with mixtures of he- 
lium and oxygen. The latter kidneys were 
perfused with fluid exposed to 100 per cent 
oxygen after preservation. The flow rates 
(F) in ml. per 100 gm. per minute were cal- 
culated for the cortex, outer medulla and 
inner medulla from the slopes of Compo- 
nents I, II and III, respectively (Fig. 2). 
Component IV was absent in all the studies 
due to absence of perirenal fat in the kid- 
neys examined. 

Oxygen and helium exposure of perfusate. 
The results of the Xe? flow measurements 
are summarized in Table 1. During 100 
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per cent helium exposure the percentage 
mass supplied by Component I or the 
cortical component averaged 42--14 per 
cent. [n contrast, the value was consider- 
ably lower and more variable during 100 
per cent oxygen exposure and averaged 
22 t 18 per cent. In one experiment, Com- 
ponent I was undetectable during 100 per 
cent oxygen exposure. These findings 
strongly indicate a decrease in cortical flow 
rates approaching that of the outer me- 
dulla when the kidneys were exposed to 
IOO per cent oxygen. This redistribution of 
intrarenal blood flow is presumably related 
to the vasoconstrictive effects of hyper- 
baric oxygen. 

Normobaric, normothermic perfusion with 
perfusate exposed to 100 per cent oxygen after 
24 hours hypobaric, hypothermic perfusion 
with perfusate exposed to 50 per cent oxygen 
and 50 per cent helium. In 2 kidneys studied 
after preservation for 24 hours in the man- 
ner indicated above, the renal mass sup- 
plied by the first or cortical component 
averaged 26 per cent. This value was close 
to the observed value during the 3 hours 
bloodless isolated normobaric, normother- 
mic perfusion with perfusate exposed to 
IOO per cent oxygen. 

Normobaric, normothermic perfusion with 
perfusate exposed to 100 per cent oxygen of the 
24 hours hypobaric, hypothermic perfusion 
with perfusate exposed to 95 per cent helium 
and 5 per cent oxygen. Two kidneys were 


TABLE II 


ISOTOPE STUDIES DURING ISOLATED BLOODLESS PERFUSION 











Xenon 133 Clearance: 
Renal Mass Supplied 
by Component I 


Cortico-Medullary Ratios 











Hg?” Chloromerodrin: 
Cortico-Medullary 
Ratios 


Scandium 46 Labelled 
Microspheres (35 +5): 








Exposed to Helium 


Number Studied 
Mean 
+1 Standard Duration 


9 animals 


42% 


+14% 


6 animals 
3.62 
T 1.95 


§ animals 
4.68 
23-1454 


Exposed to Oxygen 


Number Studied 11 animals 
Mean 22% 
+1 Standard Duration +18% 


P O.OI 





§ animals $ animals 
5:75 3-59 
IIS 42.62 

not significant not significant 
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studied following preservation for 24 hours 
as noted above. The renal mass supplied by 
Component I averaged 51 per cent as com- 
pared to the 22 per cent after preservation 
with so per cent helium and 50 per cent 
oxygen. This value was close to the value 
obtained during the 3 hour bloodless 1so- 
lated normobaric, normothermic perfusion 
of fresh kidneys with perfusate exposed to 
100 per cent helium. 


(C) DISTRIBUTION OF LABELLED CARBON 
MICROSPHERES 

The results are summarized in Table 11, 
and are described as follows. 

Control studies. In a previous publication? 
it has been shown that the distribution of 
carbon microspheres (1545 micra) in- 
jected into the arterial circulation of dogs 
corresponds closely to the distribution of 
blood flow in the organs. The distribution 
can be measured by assaying the radio- 
activity of the trapped particles in the 
various organs. Following left ventricular 
or intra-aortic injection of labelled micro- 
spheres and immediate removal of the kid- 
neys in 14 baboons the cortex to medulla 
ratios of radioactivity averaged 4.24 for 
the Sc* labelled microshperes and 0.65 for 
the Sr* labelled microspheres. Injections 
into 22 vervet monkeys gave ratios of 7.72 
and 2.02 for Sc and Sr*, respectively. The 
discrepancy in distribution of the two 
groups of microspheres was investigated 
and in the control studies was found to be 
mainly owing to the presence of a high per- 
centage of unbound isotope (13 per cent) 
in the mixture of Sr* labelled microspheres. 
The percentage of free isotope in the mix- 
ture of Sc* labelled microspheres was ap- 
proximately o.9 per cent. 

When kidneys were perfused for 3 hours 
or preserved for 24 hours following the in- 
jection of these microspheres, the cortico- 
medullary ratio for the Sc* labelled micro- 
spheres increased to an average value of 
46.4, while no radioactivity was present in 
the kidneys pre-injected with Sr* labelled 
microspheres. These findings, confirmed by 
the microscopic examination of kidney sec- 
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tions, demonstrated that Sr* microspheres 
are apparently too small and are washed 
out of the capillaries. Venous samples 1m- 
mediately after injection of Sc* labelled 
microspheres into the arterial line of the 
perfusing system had a relative radioactive 
concentration per ml. of 0.16 per cent of 
the cortical concentration per gram. This 
was in the form ot free Sc. Urine samples 
had a higher concentration of free Sc per 
ml. which was 2 per cent of the control con- 
centration. The Sc‘ labelled microspheres 
were only injected at the end of the per- 
fusion period and the venous outflow was 
diverted to prevent recirculation of free 
isotope. Therefore, we considered that 
during the short period between injec- 
tion of the labelled microspheres and cessa- 
tion of perfusion, the small amount of free 
isotope would not seriously affect the re- 
sults. The increase in cortico-medullary ra- 
tio in the kidneys pre-injected with Sc* 
labelled microspheres and then perfused for 
3 hours, or preserved for 24 hours, was con- 
sidered to be only owing to wash out of free 
isotope from the collecting tubules in the 
medulla. The ratio of 46.4 would then rep- 
resent the normal cortico-medullary ratio 
for baboons. The complete wash out of Sr? 
labelled microspheres was a surprising 
finding in view of the fact that this did not 
happen in dogs during a period of 30 min- 
utes after injection. Initial impressions 
indicate that the capillaries in the glomeruli 
of the baboons are exceptionally large and 
this would account for the fact that the 15 
micra microspheres were too small to be 
securely trapped. 

Oxygen and helium perfusions. The corti- 
co-medullary ratios as measured with the Sc" 
labelled microspheres averaged 4.68 + 1.67 
in 5 helium exposed kidneys and 5.79 + 1.65 
in ; oxygen exposed kidneys. These differ- 
ences were not significant but were lower 
than the value of 46.4 for the control un 
preserved kidneys. 

Oxygen perfusion after 24 hours preserva 
tion with 50 per cent helium and 50 per cent 
oxygen: In three studies the cortico-medul- 
lary ratio of Sc*5 during subsequent 100 per 
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cent oxygen fperfusions averaged 5.44, 
which was not significantly different from 
the above mentioned ratios. 


(D) HG? CHLOROMERODRIN STUDIES 

Ihe results are summarized in Table IT, 
and are described as follows. 

Oxygen and helium perfusion. Following 
the injection of 3 uc Hg? chloromerodrin 
the cortico-medullary ratio was measured 
after 60 minutes. This ratio averaged 3.59 
in § studies during oxygen exposure and 
3.62 during helium exposure. These values 
are considerably lower than the reported 
normal ratio for the baboon.? The intact 
nonoperated baboon normal ratio in these 
series was 17.26. 


DISCUSSION 


To date no complete combined func- 
tional and radioisotope assessment of pre- 
served and isolated perfused primate kid- 
neys has been published. In the present 
study various parameters of renal function 


were measured with the aid of chemical 
analyses and radioactive isotopes. The 
purpose of the present study was to find a 
suitable system of preservation for kidneys 
intended for allotransplantation. Renal 
circulatory performance was functionally 
reflected in the extraction of PAH and 
creatinine and also in the calculated effec- 
tive cortical blood flow. These functions 
were found to be considerably better during 
perfusion with a perfusate exposed to he- 
lium than during oxygen exposed perfusion. 
The increased resistance and 
greater weight gain in kidneys exposed to 
oxygen indicated that this decrease in func- 
tion is likely due to a decreased renal corti- 
cal flow rate because of the vasoconstric- 
tion. These functional differences were even 
more pronounced if the results for the en- 
tire 3 hour perfusions were compared. How- 
ever, only results of the measurements per 
tormed at the end of the perfusion period 
when isotopic studies were performed are 
presented. In the preserved kidneys a mix- 
ture of g5 per cent helium and 5 per cent 
oxygen was found to give better results in 


vascular 


Van Heerden, Johnston, Retief, Van Zyl, Van Zyl and Murphy 


OcToBt R, IGOR 


renal functional performance than lower 
concentrations of helium. 

Measurements of the intrarenal distribu- 
tion of flow by means of the Xe!? clearance 
method confirmed a decrease in cortical 
flow during 100 per cent oxygen exposure. 
There was a marked decrease in the renal 
mass supplied by Component I (cortical 
component) with a concurrent increase in 
the mass supplied by Component II (med- 
ullary component). During 100 per cent 
helium exposure the cortical mass was bet- 
ter perfused and with less variation. As 
was the case with the studies on renal func- 
tional performance, preservation with 95 
per cent helium and 5 per cent oxygen gave 
better results than with lower concentra. 
tions of helium as reflected in the larger 
renal mass supplied by the first component 
of the Xe"? clearance curve. 

The distribution of labelled microspheres 
did not reflect the decrease in cortical flow 
during oxygen exposure. This could pos- 
sibly be on the basis of uneven or localized 
areas or arteriolar constriction which would 
only be detected if multiple minute samples 
of the entire renal cortex were assayed. On 
the other hand, the present studies con- 
firmed that some difficulty in labelling of 
the microspheres can occur if the size is too 
small. 

No difference in concentration ratios of 
Hg"? chloromerodrin was found during 
oxygen and helium exposure. Radiomercu- 
rial chloromerodrin may be more effec. 
tively bound to the tubular cells in the 
presence of oxygen and it is possible that 
the better concentrating ability of the cor- 
tex under these circumstances balanced 
the decrease in flow rate to the cortex, The 
cortico-medullary ratios for both oxygen 
and helium exposed kidneys were consider- 
ably lower than normal and the absence of 
plasma proteins in the system may be an 
important factor in preventing adequate 
concentration by the kidneys. Binding of 
chloromerodrin by the plasma protein is 
considered an important factor in the me 
tabolism of this preparation and could pre- 
vent early loss in the urine? 
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It can be concluded from these and other 
studies that on a short term basis, renal 
function is well maintained in the absence 
of oxygen. Sufficient energy can be derived 
from anaerobic metabolism to sustain a 
close to normal functional status. Helium 
had a more beneficial effect on intrarenal 
blood flow than oxygen. It appeared as if 
the more important factor in maintaining 
effective renal function was not the pres- 
ence or absence of oxvgen in the renal en- 
vironment, but the adequacy of cortical 
flow with an adequate supply of nutrient 
substances. 

Maintenance of renal function at near 
normal levels is important for effective 
renal preservation. It appears as if helium 
in high concentrations promises an im- 
provement in short term organ preserva- 
tion. 

Our studies also confirmed the results of 
others that the Xe! clearance method 1s 
an extremely valuable procedure in assess- 
ing renal function indirectly during studies 
on kidney transplantation.’ Excellent cor- 
relation was found with other methods of 
measuring renal function. These studies 
further offer a complete comparison be- 
tween the performance of the isolated and 
perfused primate kidney as compared by 
multiple renal functional and isotopic as- 
sessments. 


SUMMARY 


Renal functional and isotopic studies 
were performed on baboon kidneys during 
isolated perfusion with exposure to 100 
per cent helium and in kidneys preserved 
with different mixtures of oxygen and he- 
lium under hyperbaric, hypothermic condi- 
tions. 

Renal functional results were better in 
kidneys exposed to high concentrations of 
helium. Oxygen had a vasoconstrictive 
elfect on the cortical vessels with an in- 
creased resistance and decreased renal 
cortical How, as measured by the extrac- 
tions of PAH, creatinine, and electromag- 
netic arterial flow measurement. 

The Xe clearance method demon- 
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strated decreased cortical flow during oxy- 
gen exposed perfusion and was found to be 
a very sensitive procedure in assessing 
variations in the renal circulation. The dis- 
tribution of labelled carbon microspheres 
did not detect the difference in cortical flow 
during oxygen and helium exposure. Parti- 
cles of the size employed did not remain 
fixed in the vascular tree. In some instances 
free or unbound isotope was detected. Hg? 
chloromerodrin was poorly concentrated 
both during oxygen and helium exposure, 
presumably owing to the absence of plasma 
proteins in the perfusate. 

In kidneys preserved with high concen- 
trations of helium, Xe!” clearance demon- 
strated a better cortical blood flow than in 
kidneys preserved with lower concentra- 
tions of helium. Some improvement in the 
preservation of kidneys on a short term 
basis may therefore be obtained through 
the use of an anoxic environment. 


Gerald S. Johnston, LTC, MC 
Radioisotope Clinic 

Walter Reed General Hospital 
Washington, D. C. 20012 
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FIBROMUSCULAR DYSPLASIA OF THE 
RENAL ARTERIES* 
ARTERIOGRAPHIC FEATURES, CLASSIFICATION, AND OBSERVATIONS 
ON NATURAL HISTORY OF THE DISEASE 


By OWINGS W. KINCAID, M.D.,+ GEORGE D. DAVIS, M.D.,f FRANZ J. HALLERMANN, 
M.D., Pu.D.,t and JAMES C. HUNT, M.D.1 


ROCHESTER, MINNESOTA 


ITH increasing frequency during re- 

cent vears, the physician has been 
confronted with a perplexing group of idio- 
pathic, nonatherosclerotic, stenosing le- 
sions of the renal arteries in patients with 
hypertension. McCormack and associates? 
first called attention to the unusual mor- 
phology of these lesions in 1958. They re- 
ported the pathologic findings in 4 Cases 
and proposed the term “fibromuscular hy- 
perplasia." However, it was not until Palu- 
binskas and Wylie,’ in 1961, and Hunt e 
al.) and Kincaid and Davis," in the same 
vear, described the arteriographic and 
clinical manifestations of so-called ““fibro- 
muscular hyperplasia” that this condition 
became widely recognized. 

In 1962, Hunt and his associates? made 
several observations concerning this condi- 
tion. These observations, based on a com- 
bined histologic and arteriographic study 
of 23 cases, were: (1) that the term "'fibro- 
muscular hyperplasia" is not entirely de- 
scriptive of the pathologic findings in most 
of these lesions, since the process is usually 
both hyperplastic and destructive; (2) that 
these lesions occur in several histologic 
forms; and (3) that the arteriographic man- 
ifestations of this group of lesions may be 
pathognomonic and, although varied, may 
reflect the histology of the lesion. 

Since 1962 a number of publications have 
dealt extensively with the clinical, patho- 
logic, roentgenologic, and surgical aspects 
of this disease entity, 3 7-9 111214161 

Harrison and associates and Hunt and 
co-workers? have aptly suggested the term 


“fibromuscular dysplasia” for this group of 
lesions. The term “dysplasia” does not 1m- 
ply a congenital cause, as many think, but 
comes from the Greek “dys”? (meaning 
"bad") and “plasia?” (meaning a “mold- 
ing"). The term fibromuscular dvsplasia 
has no etiologic implications, and we think 
it is the preferred term for this group of 
diseases—at least until more is known in 
regard to specific cause and natural history. 

The purpose of the present report is to 
describe our observations in 125 patients 
with fibromuscular dysplasia of the renal 
arteries studied by means of angiography. 
In nearly two thirds of these patients, care- 
ful surgical or histologic examination of in- 
volved arteries has been carried out. We 
have attempted, when possible, to corre- 
late the varied arteriographic and patho- 
logic findings and have hoped even to cast 
some light, albeit dim perhaps, on the 
natural history of this obscure group of le- 
sions. 


MATERIAL 


Through July 1966, 125 patients with 
definite arteriographic evidence of fibro- 
muscular dysplasia of the renal arteries 
have been studied in the cardiovascular 
laboratory at the Mayo Clinic. Not in- 
cluded in this group were approximately 30 
patients with renal artery disease in whom 
the arteriographic findings were suggestive 
of, but were not considered conclusive for, 
fibromuscular dysplasia. 

The diagnosis of fibromuscular dysplasia 
was proved surgically or pathologically in 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 27- 


30, 1966. 


From the Sections of Roentgenology,t and Nephrology,} the Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 
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TABLE I 


FIBROMUSCULAR DYSPLASIA OF THE 
RENAL ARTERIES 





Total cases studied by angiography 125 
Surgically or pathologically proved 76 
(pathologic examination) (60) 


Angiographic diagnosis only 49 





76 of the 125 cases comprising the series. 
Histologic examination of renal artery tis- 
sue was carried out in 60 cases. In 49 cases 
the diagnosis was made by use of arteriog- 
raphy alone, but the arteriographic findings 
in these cases were considered pathogno- 
monic of the disease (Table 1). 


FINDINGS 
SEX AND AGE DISTRIBUTION 


Although the disease may be seen at al- 
most any age and in both sexes, approxi- 
mately 80 per cent of the patients studied 
were young adult and middle aged women 
(Table 11). The youngest patient in our 
series was a 7 year old girl, and the oldest 
was a 65 year old woman. The average age 
for the entire group was about 34 years. 


DISTRIBUTION OF DISEASE 


Side of Involvement. The lesions were bi- 
lateral in about 39 per cent of the 125 pa- 
tients and unilateral in approximately 61 
per cent. Of the 76 patients with unilateral 
disease, 74 had the disease on the right side 
(Table 111). 

Aberrant Renal Arteries. The presence of 
multiple arteries to the kidney and the in- 
volvement of aberrant arteries by fibro- 
muscular dysplasia are important consid- 


TABLE II 


SEX AND AGE DISTRIBUTION IN I25 CASES 
OF FIBROMUSCULAR DYSPLASIA 





Sex 
Male 
Female 


23 (18.4%) 
102 (81.6%) 


Age (yr.) 
Range 7 to 65 
Average 54.1 
Median 44 
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erations.”:*: One or more aberrant arteries 
were present in about 29 per cent of the 124 
patients comprising this series (Table 111). 
In nearly half of the patients with aberrant 
arteries, there was evidence of disease in- 
volving an aberrant artery, usually in addi- 
tion to main renal artery involvement. 

Distribution in Arterial Tree. As noted in 
Table 11, branch artery involvement oc- 
curred in about 46 per cent of patients, and 
its detection is highly important in the 
consideration of patients for surgical treat- 
ment. For this reason, no patient with sus- 
pected renovascular hypertension is ade- 
quately studied unless the vascular archi- 
tecture of the kidneys is demonstrated ar- 
teriographically in extreme detail. 

When there was involvement of the main 
renal artery and one or more branches, the 
disease often was found to extend in con- 
tiguous fashion from the main artery into 
the branch artery or arteries. In some pa- 
tients, however, the branch artery disease 
occurred more distally, either in primary, 
secondary, or tertiary branches; these le- 
sions were distinctly separated on the ar- 
teriogram from the main artery involve- 
ment. 

The lesions of fibromuscular dysplasia, in 
contrast to those of atherosclerosis, char- 
acteristically involve the middle and distal 


TABLE III 


DISTRIBUTION OF I25 CASES OF 
FIBROMUSCULAR DYSPLASIA 











Disease bilateral 
Disease unilateral 


49 (39.2%) 
76 (60.8%) 
Right side 74 
Left side 2 


36 (28.8%) 

16 (12.8% of total cases) 
(44.4% of cases having 
aberrant arteries) 

68 (54.47%) 


Aberrant arteries present 
Involvement of aberrant 
artery* 


Main renal artery 
involved only 

Main artery plus 
branches involved 

Branch arteries involved 
only 


49 (39.2%) 


8 (6.4%) 








* In 2 cases, an aberrant artery was involved without involve- 
ment of main renal artery. 
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portions of the main renal artery. In only 
2 of our 124 patients was the proximal | 
cm. of the renal artery involved. In both ot 
these patients the entire length of the main 
renal artery was involved, from its orifice 
to its bifurcation or trifurcation, and no 
problem of differential diagnosis was there- 
fore encountered. In 30 of the 117 patients 
in whom the main renal artery was in- 
volved, the disease stopped before division 
of the artery, whereas in 87 patients the 
disease extended to the bifurcation or tri- 
furcation of the renal artery. As judged 
from the arteriogram, the length of the in- 
volved segment ranged from 2 mm. in pa- 
tients with focal stenosis, to involvement of 
the entire length of the renal artery. Most 
commonly, the disease extended over a 
length of 2 to 3 cm. 


MORPHOLOGIC CHARACTERISTICS 


The pathologic features of fibromuscular 
dysplasia have been described in detail in 
previous publications.*?-*? The lesions have 
been classified histologically as medial, in- 
timal, and periarterial; the terminology de- 
pends on whether the stenosing and dis- 
ruptive lesion involves predominantly the 
media, intima, or adventitia of the renal 
artery (Fig. 1). 


FIBROMUSCULAR DYSPLASIA 
OF THE RENAL ARTERY 


INTIMAL FIBROUS STENOSIS 


MEDIAL FIBROMUSCULAR 
STENOSIS 


PERIARTERIAL FIBROUS 
STENOSIS 


Fic. 1. Diagrammatic representation of the three 
types of involvement of the arterial wall in fibro- 
muscular dysplasia. Cross section illustrating the 
medial fibromuscular type shows a mural aneurysm 
in addition to medial hyperplasia. 
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TABLE IV 


HISTOLOGIC TYPES IN 60 CASES OF 
FIBROMUSCULAR DYSPLASIA 








Predominant Lesion 





Medial fibromuscular stenosis 
Intimal fibrous stenosis 
Periarterial fibrous stenosis 





Whereas at one time, based on a smaller 
series of cases, we considered these types as 
being three rather distinct forms, 1t 1s now 
apparent that in some patients these types 
may coexist, with involvement of two or 
even all three layers of the arterial wall 
being evident in a cross section of the same 
artery. In such patients, however, one his- 
tologic type is nearly always predominant. 

The predominant histologic type of in- 
volvement in the 60 patients in this series 
in whom pathologic examination of renal 
artery tissue was carried out is shown in 
Table rv. As shown in this table, medial 
fibromuscular dvsplasia is by far the most 
common form, whereas intimal and peri- 
arterial fibroses are relatively uncommon. 

We have also come to use a new morpho- 
logic description and classification of fibro- 
muscular dysplasia, which is based on ar- 
teriographic appearances. This classifica- 
tion carries some implications in regard to 
the histologic form of the disease present 
and is extremely useful, we believe, in the 
roentgenologic recognition and evaluation 
of the lesions of fibromuscular dysplasia. 

The lesions are classified as multifocal, 
focal, and tubular (Table v). In 38 of the 60 
patients in whom histologic examination 
was also carried out, there were multifocal 
lesions, which were characterized by the 
presence of mural aneurysms and the well- 
known "string of beads" appearance of the 
involved portion of the renal artery (Fig. 2; 
3; 4; and 5). In all 38 of these patients the 
predominant histologic findings were those 
of medial fibromuscular dysplasia (Table 
VI). 

Focal lesions, characterized by a short 
(less than 1 cm.) solitary stenosis, were seen 
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TABLE V 
MORPHOLOGIC CLASSIFICATION OF FIBROMUSCULAR 
\RTERIOGRAPHIC AND 
\PPEARANCES 


DYSPLASIA BASED ON 
GROSS PATHOLOGIC 


een Incidence 
Morphologic Form 
" (I25 cases) 


Multifocal (with mural aneurysms 
"string of beads") 

l'ocal (solitary stenosis less than 
I cm. in length) 

Tubular (elongated, smooth, con- 
centric stenosis) 

Mixed (2 or more of the above 
forms in same patient) 


78 (62.47%) 
= 307 

9 (5 270) 

I7 (13, 095) 


21 (16.892) 


in 5 of the 60 patients (Fig. 6; and 7). In 3 
of these the histologic findings were pre- 
dominantly medial fibromuscular dyspla- 
sia, while in 2 the findings were those of 
intimal fibrosis. 

Tubular lesions, characterized by an 
elongated, smooth, concentric narrowing 
of the renal artery (Fig. 8; and 9), were 
present in 17 patients. In 12 of these the 
predominant lesion was medial fibromus- 
cular dysplasia, in 3 the histologic findings 
were those of intimal fibrosis, and in 2 the 
predominant lesion was periarterial fibrosis. 
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hic. 3. Multifocal type of fibromuscular dysplasia 
involving the distal two thirds of the right main 
renal artery. 


In 21 of the 125 patients, mixed lesions 
were noted, with two or more of the above 
types occurring in the same patient (Fig. 
9). 

Ihe three morphologic types of stenosis 
were found to occur both in the main renal 
arteries and the renal artery branches. Fo. 


FIG. 2. Longitudinal section of renal artery showing alternating zones of medial fibrous hyperplasia and de- 
struction, the latter representing mural aneurysms. (Hematoxylin and eosin; x20.) (Reproduced from Pror. 
Staff Meet. Mayo Clin., 1962, 37, 181-216.5 By permission.) 
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liG. 4. Multifocal type of fibromuscular dysplasia. 
Disease involves distal one half of right main renal 
artery and extends to the renal artery trifurcation. 
(Reproduced from Renal Angiography.’ Year 
Book Medical Publishers, Inc., Chicago, Ill., 1966. 
By permission.) 


cal stenoses were relatively more common 


in the secondary arterial branches, but 
except for this tendency, no particular sites 
of predilection for the occurrence of the 
various morphologic types was found. 


Fic. c. Fibromuscular dysplasia of multifocal type 
involving distal one third of right renal artery and 
extending throughout its dorsal branch. (Repro- 
duced from Renal Angiography.’ Year Book 
Medical Publishers, Inc., Chicago, Ill., 1966. By 
permission.) 
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TABLE VI 


CORRELATION OF MORPHOLOGIC AND HISTOLOGI( 
TYPES IN 60 CASES OF FIBROMUSCULAR 
DYSPLASIA 


Morphologic | Arteries | Predominant Histologic 
| Examined | 


Type 


Type 





Multifocal 38 38 medial fibromuscular 


medial fibromuscular 
intimal 


Focal 


medial fibromuscular 
intimal 
periarterial 


Tubular 


SECONDARY AND ASSOCIATED FINDINGS 


Gradient. Gradients across stenosing le- 
sions were not measured at angiography 
but were measured at operation in 20 of the 
76 patients who had undergone surgery. 
The gradients ranged from 15 to 100 mm. 
of mercury. Those patients with angio- 
graphic evidence of severe stenosis tended 
to have large gradients, but except in se- 
vere stenosis there was no correlation be- 
tween the gradient and the degree of sten- 


Fic. 6. Focal type of fibromuscular dysplasia in- 
volving middle portion of right renal artery. His- 
tologic examination revealed the lesion to be me- 
dial fibromuscular dysplasia. (Reproduced from 
Renal Angiography.? Year Book Medical Pub- 
lishers, Inc., Chicago, Ill., 1966. By permission. 
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l'16. 7. Focal stenosis of midportion of right renal 
artery with poststenotic aneurysm. Note Jet of 
contrast medium distal to stenotic lesion. Resec- 
tion of the short stenosed segment was carried out 
but no tissue was submitted for histologic examina- 
tion. (Reproduced from Renal Angiography.? Year 
Book Medical Publishers, Inc., Chicago, iH. 1900. 
By permission.) 


osis as appraised angiographically. For 
example, one patient whose arteriogram 
was suggestive of very mild stenosis had a 
gradient of 75 mm. at operation. On the 
other hand, several patients whose arteri- 
ograms were interpreted as showing moder- 
ate stenosis had minimal gradients. 
Collateral Circulation. Evidence of in- 
creased collateral circulation to the kidney 
was observed in 17 of the 125 patients. In 
almost all instances the collateral blood 


F1G. 8. Tubular lesion (arrow) involving a branch of 


the left renal artery with poststenotic dilatation. 
Lesion proved to be due to medial fibromuscular 
dysplasia. 
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supply visualized was primarily by wav of 
an elongated, tortuous collateral artery 
seen to arise from a lumbar artery on the 
side of the renal artery involvement and to 
enter the renal sinus. In several patients 
the collateral blood supply appeared to be 
predominantly by way of an enlarged 
ureteral artery. In one patient, there was a 
network of capsular arteries supplying the 
kidney, these arteries arising from the in- 
ferior adrenal branch of the renal artery. 
[n one other patient, such capsular artery 
collaterals appeared to arise from the in- 
terior phrenic artery. 

In one patient, a collateral artery arising 
from a lumbar artery was itself involved by 
fibromuscular dysplasia of the multifocal 
type. 

Kenal Size and Position. In only 48 of the 
125 patients was there a discrepancy in the 
pole-to-pole diameter between the two kid- 
neys of more than 1.5 cm. In 18 of these, 
however, the renal artery disease was bi- 
lateral. Of the 30 patients in this group 
with unilateral disease, 2g had the smaller 
kidney on the side of the renal artery dis- 
ease. In one patient the kidney on the side 
of the renal artery disease was larger than 
the contralateral kidney. The greatest dis- 
crepancy in size (6 cm.) occurred in a pa- 
tient with unilateral disease and complete 
occlusion of the main renal artery on the 
side of the small kidney. 


lIc. 9. Tubular stenosis involving both the right and 
the left main renal arteries. There is also a focal 
lesion just proximal to the bifurcation of the right 
renal artery. Histologically the tubular stenosis 
proved to be due to medial fibromuscular dys- 
plasia and some associated periarterial fibrosis. 
The focal stenosis on the right was due to intimal 
fibrosis. 
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An increased incidence of renal ptosis in 
patients with fibromuscular dysplasia has 
been reported by some observers, and 
ptosis has even been suggested as being a 
causative factor in the development of the 
disease. 

In the evaluation of the presence of renal 
ptosis, it must be remembered that there is 
great variation in the positional relation- 
ship of the normal kidneys, and the right 
kidney is commonly lower than the left. 
What represents ptosis, therefore, 1s some- 
what arbitrary. In our judgment, 14 of the 
125 patients, all of whom were supine when 
studied, had definite renal ptosis, this being 
of the right kidney in 13 of the 14 patients. 
In 4 of these in whom the ptosis was on the 
right, the renal artery disease was bilateral. 
In 8 others with ptosis of the right kidney, 
the renal artery disease was on the right, 
whereas in one patient with ptosis of the 
left kidney, the renal artery disease was on 
the opposite (right) side. In a current and 
as yet incomplete study, a much higher 1n- 
cidence of ptosis of one or both kidneys has 
been noted in normal patients and in pa- 
tients with renal artery fibromuscular dys- 
plasia in whom excretory urography has 
been performed in the upright position. 

These findings, along with the fact that 
renal ptosis in the absence of renal artery 
disease is far more common on the right 
side, do nothing to establish a significant 
relationship between renal fibromuscular 
dysplasia and ptosis. 

True Aneurysm Formation. Pathologi- 
cally, in the classic multifocal form of me- 
dial fibromuscular dysplasia, there are 
rings of extreme hyperplasia of the fibrous 
components (rarely of the muscular ele- 
ments) of the media of the artery, with al- 
ternating zones of extensive medial degen- 
eration and destruction, resulting in mural 
aneurysms (Fig. 2). It is these alternating 
zones of fibrous hyperplasia and mural 
thinning with aneurysm which produce the 
corrugated or beaded appearance of the ar- 
tery. In the tubular form of medial fibro- 
muscular dysplasia, mural aneurysms have 
not been observed to date. It is conceivable 
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Fic. 10. Bilateral fibromuscular dysplasia of the 
multifocal type. Several of the mural aneurysms 
have enlarged beyond the perimuscular wall to be- 
come true aneurysms. 


that this form may represent an early stage 
of the disease and that, with the elapse of 
sufficient time, mural aneurysms may de- 
velop in such cases. 

Often, in those patients with fibromus- 
cular dysplasia and mural aneurysms, the 
mural aneurysms become very thin walled 
and enlarge bevond the perimuscular wall 
to become true aneurysms (Fig. 10; and 
11). In 12 of our 78 patients with multifocal 
stenosis, true aneurysms were present. 

True aneurvsm formation may 
rarely Occur secondary to extreme post- 
stenotic dilatation of the renal arterv, 
usuallv in patients with severe focal steno- 
sis. Such poststenotic aneurysms are usu- 
ally fusiform in type. In only 1 of our 125 
patients was poststenotic dilatation so se- 
vere as to represent aneurysm of the renal 
artery (Fig. 7). 

Renal Artery Dissection. Dissection of the 
renal artery in association with fibromuscu- 
lar dysplasia has received little attention in 
the literature but is not an uncommon ac- 
companiment of the disease.* ^? Dissection 
was seen arteriographically in 5 of our 125 
patients, and its presence was proved his- 
tologically in all cases (Fig. 12). All dissec- 
tions involved the distal two thirds of the 
renal artery and extended into primary or 
secondary branches and resulted in partial 
renal infarction. Points of re-entry of the 
dissection usually were found in the major 
arterial branches, but the origin of the dis- 
sections could not be determined in the 
nephrectomy specimens. Dissection in all 


also 
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lic. 11. Multiple, true aneurysms of the left renal 
artery secondary to the multifocal tvpe of fibro- 
muscular dysplasia. Two or three of the more dis- 
tal aneurysms were found to arise from primary 
branches of the renal artery. (Reproduced from 
Renal Angiography.? Year Book Medical Pub- 


lishers, Inc., Chicago, Ill., 1966. By permission.) 


5 patients occurred in the presence of tubu- 


lar disease. 

Dissection of the renal artery 
recognized arteriographically when a seg- 
ment of the artery exhibits some sleeve-like 
narrow Ing, and this segment rem: ains Op: aci. 
hed after the other renal artery branches 
have emptied of contrast medium (Fig. 
13, 47 and B). In most cases the original 
lumen of the involved artery is occluded by 
hematoma, although the 
opacify throughout the 
length of dissection, Rather than having a 
smooth tubular appearance, the artery may 
be irregular in outline due to irregular com- 
pression of the true lumen by the dissecting 
hematoma (Fig. 134). 
the lumen in these cases is, however , quite 
dissimilar to the classical beaded irregu- 
larity seen in multifocal 
dysplasia. 

jd Trtery Occlusion. Only 5 of the 125 
patients with fibromuscular dysplasia had 
occlusion of a renal artery or renal artery 


can be 


the dissecting 
false lumen may 


The irregul: arity of 


fibromuscular 
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branch. In 4 of these the cause of the occlu- 
sion was renal arterv «dissection (Fi lg. 13 
A). In one patient the occlusion was due to 
the presence of an intimal fibrous plug. 

Renal Infarction. 'Thirteen of the 125 
patients had visa ad ia evidence of 
renal infarction (Fig. 13 B). This included 
the 5 patients with ren: a arterial occlusion, 
4 of whom had dissection, as well as 8 a idis 
tional patients, none of whom had occlu- 
sion of major branches but all of whom had 
severe renal artery stenosis. 

Other Associated Lesions. Fibromuscular 
dy spl: ista Involving other arteries was pres- 
ent in 3 patients, One patient, in addition 
to ren: | artery involvement, had high- 
grade stenosis of both the celiac and su- 
perior mesenteric arteries (Fig. 14). An 
aortomesenteric graft was used in an at- 
tempt to relieve tne bowel ischemia in this 


FIG. 12. Cross section of a renal showing 
arterial dissection. The true 
the top, and the larger aneurysmal channel is at 
the bottom. (Lawson's elastic van Gieson; original 
magnification X15.) (Reproduced from Proc. 
Staff Meet. Mayo Clin., 1962, 37, 181-216. By 
permission.) 


artery 
arterial lumen is at 
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Fic. 13. (4) Dissection beginning in proximal right main renal artery and extending into dorsal and ventral 
branches. Complete occlusion of dorsal branch due to arterial dissection. Pathologically, the disease was of 
the medial fibromuscular type and the stenosis was tubular. Irregular narrowings were due to the dissec- 
tion. (B) Early nephrographic phase showing renal infarction with contraction of that portion of the right 
kidney supplied by the occluded dorsal branch. Note contrast medium lingering in the occluded branch. 
(Reproduced from Renal Angiography.? Year Book Medical Publishers, Inc., Chicago, 111., 1966. By per- 


mission.) 


patient. This was not successful and the 
patient died. At autopsy, the celiac and 
mesenteric arteries exhibited the typical 


Fic. 14. Abdominal aortogram, lateral projection, 
showing high-grade stenosis of celiac artery and 
complete occlusion of superior mesenteric artery, 
proved due to medial fibromuscular dysplasia. 
Patient also had renal artery involvement. 


lesions of medial fibromuscular dysplasia. 

One patient, who underwent renal angi- 
ography three times during a 3 year period, 
was found on the last examination to have 
celiac stenosis, which had not been present 
at the time of the earlier arteriograms. This 
had an appearance suggestive of fibromus. 
cular dysplasia, but histologic proof has not 
been established. 

The third patient had lesions of both 
iliac arteries typical of the multifocal form 
of fibromuscular disease (Fig. 15). Arter 
ograms I and 2 years later showed the dis. 
ease to be unchanged. 

Sixteen patients with fibromuscular dys 
plasia of the carotid arteries in the neck 
(Fig. 16) have been observed at the Mayo 
Clinic, but in none of these was there 
known renal artery disease or hyperten. 
sion. These patients, therefore, are not 1n- 
cluded in the present studv. 

Associated atherosclerosis of the renal 
arteries was present in 6 of the 125 patients 
with fibromuscular dysplasia of the renal 
artery. In 4 of these an atheromatous 
plaque was present in the proximal centi- 
meter of the same artery involved by fibro- 
muscular dvsplasia distally. In one patient 
a large atheromatous plaque originated 
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lIc. 15. Lesions typical of multifocal type of fibro- 
muscular dysplasia involving the external iliac 
arteries bilaterally. Patient also had renal artery 
involvement. Two subsequent arteriograms at 
time of follow-up renal arteriograms showed iliac- 
artery lesions unchanged. 


within the aorta and extended into and 
narrowed the ostium of a renal artery, 
which was also involved distally by fibro- 
muscular dysplasia. In one other patient, 
in whom an aberrant right renal artery 
was involved by fibromuscular dy splasia, 
atherosclerosis involved an aberrant ar tery 
to the opposite kidney. 

Intracerebral aneurysms have been re- 
ported to occur with increased frequency in 
patients with renal fibromuscular dyspla- 
sia." Only 1 of our 125 patients with renal 
eanan dysplasia had symptoms 
warranting carotid angiography. This pa- 
tient had symptoms of cerebrovascular in- 
sufħciency and was found to have athero- 
sclerotic lesions of the extracranial carotid 
The intracerebral were 


arteries. vessels 


normal. 


PROGRESSION OF DISEASE 


Very little is known and, to our knowl- 
edge at the time of this writing, nothing 
has been published in regard to the im- 
portant question of progression of the le- 
sions of fibromuscular dysplasia. 

We have had the opportunity to perform 
one or more follow- up renal arteriographies 
in 16 of the 125 patients comprising this 


series. The time elapsing between the first 
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and last studies ranged from 8 months to 
52 years, the average time ela psed being 31 
months. 

Definite progression of the disease pro- 


D 


cess, including the development of new le- 
sions, was noted in 6 of the 16 patients (Fig. 
i, A and 5). A summary of these ch: anges 
IS sais n in Table v IT. Although the changes 
in the renal artery disease were definite, i 
no patient were the ch: anges marked. In no 
p: tient was regression of a previouslv exist- 
ing lesion noted. 


SUMMARY AND CONCLUSIONS 


The roentgenologic findings in 12 ép. 
tients with renal artery disease, which has 
been grouped under a general category of 
fibromuscular dysplasia, have been re- 
viewed. 

These affected. predominantly 
young adults and, although the ages ranged 


lesions 


Fic. 16. Lesions typical of fibromuscular dysplasia 
involving the deg arteries. (Courtesy of Houser, 


O. W., and Baker, H. L., Jr.?) 
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from 7 to 65 years, the average age was 
about 34 years. The disease occurred in 
women more than four times as frequently 
as men. The lesions were bilateral in about 
39 per cent of the patients, and in those 
with unilateral disease, the right renal ar- 
tery was involved in the vast majority of 
patients. Characteristically, the disease in- 
volves the middle and distal thirds of the 
main renal artery, but extension into renal 
artery branches occurred in about 39 per 
cent of the patients and isolated involve- 
ment of branch arteries was present in 
about 6 per cent. Involvement of aberrant 
renal arteries was also common. 

A new morphologic classification of the 
lesions of fibromuscular dysplasia, based on 
arteriographic and gross pathologic appear- 
ances, is described and has proved useful in 
the roentgenologic recognition and evalua- 
tion of the disease, as well as in the predic- 
tion of the histologic type of the lesions. 
The lesions are classified as multifocal, fo- 
cal, and tubular. In about 17 per cent of 
patients, two or more of these morphologic 
types were present in the same patient, 
sometimes in the same artery but more 
often in different vessels. 

The nature and incidence of various 
complicating events occurring in the 125 
patients have also been reviewed. True 
aneurysm formation had occurred in 12 of 
84 patients with multifocal disease. Renal 
artery dissection was present in § of the 
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TABLE VII 


PROGRESSION OF DISEASE IN 6 CASES 
OF FIBROMUSCULAR DYSPLASIA 








Change 





Development of new focal lesion 


Increased arterial stenosis 

Increased arterial stenosis plus new 
lesion plus development of celiac 
stenosis 


Enlargement of mural aneurysms 


Enlargement of mural aneurysms plus 
increased arterial stenosis 








total 125 patients, renal artery occlusion in 
5 patients (in 4, the occlusion was in associ- 
ation with dissection), and renal infarction 
in 13 patients. 

Three patients in this series had involve- 
ment of arteries other than the renal ar- 
teries; in one patient the celiac artery was 
additionally involved, in one the celiac and 
mesenteric arteries, and in another the 
iliac arteries were involved. Although fibro- 
muscular dysplasia of the carotid arteries 
has been observed arteriographically in 16 
patients at our institution, none were In 
this group with renal artery disease. 

One or more follow-up renal arteriog- 
raphies were, for various reasons, per- 


$9. 
+, M 


kon 


Fic. 17. Progression of disease. (4) Fibromuscular dysplasia of the multifocal type involving the right renal 
artery. (B) Arteriogram 15 months later shows increased narrowing of involved portion of right renal ar- 


tery. 
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formed in 16 patients; the average time 
elapsed between the first and last studies 
was 31 months. In an attempt to cast some 
light on the natural history of fibromuscu- 
lar dysplasia, all arteriograms were re- 
viewed and compared. Progression of the 
renal artery disease was noted in 6 of the 
16 patients. 

Although in the past there has been a 
tendency to look upon fibromuscular dys- 
plasia as a static disease, the findings in 
this study would indicate that fibromuscu- 
lar dysplasia is a dynamic, but probably 
slowly progressive, disease that occurs in 
several histologic and gross morphologic 
forms and is subject to certain changing 
complications. 

For the individual patient with renovas- 
cular hypertension due to fibromuscular 
dysplasia, morphologic demonstration of 
the lesions, utilizing renal arteriography, 
remains the most useful diagnostic pro- 
cedure. Complete anatomic assessment of 
the disease should include a description of 
the stenosis (whether multifocal, focal, or 


tubular), the location and extent of the dis- 
ease, and the association of secondary le- 
sions, such as aneurysm, arterial dissection, 
arterial occlusion, and renal infarction. 


Owings W. Kincaid, M.D. 

Section of Diagnostic Roentgenology 
Mayo Clinic 

Rochester, Minnesota 55901 
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THE LOCATION OF THE RENAL ARTERIES 
AN ANGIOGRAPHIC AND POSTMORTEM STUDY 


By PER ODMAN, M.D.,* and KLAUS RANNIGER, M.D.1 


N ORDER to perform selective angio- 

graphic studies of the renal arteries, 
the radiologist must be familiar with the 
renal vascular anatomy. The level at which 
the renal arteries arise from the aorta, as 
well as the location of the ostia on the 
circumference of the aorta, should be 
known for successful catheterization. 

Although extensive angiographic and 
postmortem investigations of the lumbar 
aorta have been made, !!51935?95?/ no 
svstematic evaluation of the exact origin 
of the renal arteries in relation to the dorso- 
ventral aspect of the aorta has been 
published." It is generally assumed that 
the renal arteries arise from the aorta more 
or less laterally, and that variations are 
uncommon. Our experience has led us to 
question the validity of this assumption, 
and the purpose of this investigation has 
been to clarify the anatomy and topog- 
raphy of the renal artery ostia by 7» vivo 








right and 11 
left renal artery examinations. Only in 2 
angiograms, both left-sided, were double 
renal arteries noted. For this study, only 
those cases were selected in which the renal 
arteries showed no evidence of pathologic 
deformity or dislocation. 

Postmortem dissection of the lumbar 
aorta was performed on 56 males and 54 
females ranging in age from 23 to go years 
who had had no angiographic studies. 


years of age. There were 13 


RESULTS 

The shortest distances from the ventral 
and dorsal border of the lumbar aorta to the 
center of the renal artery ostia were meas- 
ured on lateral roentgenograms (Fig. 1). 
The magnification of approximately 20 
per cent need not be taken into account, 
since it was the proportion of the two meas- 
urements that was determined. The quo- 
tient: 





distance of renal artery ostium to ventral aortic border 


distance of renal artery ostium to dorsal aortic border 








angiograms and aortic dissection studies 
during autopsy. 


METHOD AND MATERIAL 


Serial roentgenograms taken in the su- 
pine position with both vertical and hori- 
zontal beam directions were exposed during 
selective renal angiography to determine 
the location of the renal arteries. The exact 
position of the renal artery ostium could be 
demonstrated by withdrawing the catheter 
tip to the aortic lumen immediately prior 
to the completion of the contrast material 
injection. 

Twenty-four selective renal arterio- 
graphies were performed with this tech- 
nique in 20 patients ranging from 11 to 72 





yields an index reflecting the position of 
the renal artery ostium on the aorta. An 
index of 1 indicates an exactly lateral loca- 
tion of the ostium on the aortic wall. An 
index «1 indicates an ostium location 
closer to the ventral aortic border. Indices 
for right and left renal arteries are shown in 
Figure 2, Æ and B. Generally, the right 
renal artery ostium is closer to the ventral 
aortic border than the left. The index was 
>1 in only 1 left-sided examination. The 
true distance (corrected for magnification) 
between the ventral aortic border and the 
center of the renal artery ostium was «4 
mm. in 9 right-sided and 2 left-sided exami- 
nations. 

The proximal portion of 6 right renal 


* Department of Radiology, Central Hospital, Norrkoping, Sweden. 
f Department of Radiology, University of Chicago, Chicago, Illinois. 
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lic. 1. Lumbar aortogram in supine position with 
horizontal beam. The distance from the ventral 
(A) and dorsal (B) borders of the aorta to the cen- 
ter of the renal artery ostium is indicated. 


RIGHT RENAL ARTERY 


NUMBER of CASES 


LEFT RENAL ARTERY 


NUMBER of CASES 


2. (4) Position of right renal artery ostia on 
aortic wall. The generally low indices reflect the 
predominantly ventral location of right-sided 
ostia, (B) Position of left renal artery ostia on 
aortic wall. The higher indices reflect the more lat- 
eral position of the left-sided ostia. 
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arteries and 1 left renal artery initially 
curved in a ventral direction before assum- 
ing a dorsolateral course. On lateral angio- 


grams, the ventral border of these renal 
arteries was projected anteriorly to the 
ventral border of the aorta (Fig. 3). In 
the other cases the renal artery was directed 
laterally and dorsally, even in its proximal 
portion. 

The autopsy material has been classified 
into § groups according to the number of 
renal arteries originating directly from the 
aorta (Table 1). Group A had one renal 
artery on either side. In Group B, double 
renal arteries were present on both sides. 
In Groups C and D, there were double renal 
arteries on the right or left side, while the 
contralateral kidney was supplied by one 
artery. In Group E more than 2 renal arte- 
ries were present on one or both sides. 


liG. 3. The right renal artery originates close to the 
superior mesenteric artery (arrow), and curves in 
ventral direction. The double arrow indicates the 
lumbar artery. 
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Some of the accessory renal arteries had 
ostia of less than 1.5 mm. in diameter. In 
5 cases of Group A, additional very small 
arteries originating from the aorta cranially 
to the superior mesenteric artery near the 
ventral midline were found. It was difficult 
to determine what organ was supplied by 
these vessels, and the possibility that they 
entered the cranial pole of the kidney 
could not be excluded (Fig. 4). 

The position of the renal artery ostium 
on the circumference of the aorta was 
measured during the postmortem studies. 
A large number of renal arteries arose from 
the ventral aspect of the aorta and all 
renal artery ostia within 45° of the ventral 
midline were called ventral ostia (Table 
11). Several of the openings were located 
less than 30° from the ventral midline of 
the aorta. All arteries arising more than 
45° posteriorly from the ventral midline of 
the aorta were defined as laterally posi- 
tioned. Several were located only a few 
degrees ventrally from the lateral aspect of 
the aorta. Only 1 left-sided ostium of 
Group A and 1 of Group C were located 
slightly dorsal to these points, although 
not as far dorsally as the lumbar artery 
ostium. 

In Group A, 14 per cent had bilaterally 
ventral ostia, in 57 per cent the right renal 
artery was located ventrally and in 17 per 
cent the left renal artery had a ventral 
location. In Group B there was one indi- 
vidual with 4 ventral ostia and 4 indi- 


TABLE I 


NUMBER OF RENAL ARTERY OSTIA IN WALL 
OF LUMBAR AORTA 
(Based on 110 Autopsies) 








Group | Number of Renal Artery Ostia 








One on each side 

Two on each side 

Two right-sided, one left-sided 
Two left-sided, one right-sided 
Two or more on both or one side 











Location of Renal Arteries 


Tapie LI 
POSITION OF RENAL ARTERY OSTIA ON 
THE AORTIC CIRCUMFERENCE 
(Based on 110 Autopsies) 











Right-sided Ostia Left-sided Ostia 
Group | - 
Ventral* | Lateral | Ventral* 





Lateral? 





40 
10 
20 

6 
10 























Total 86 





* Within 45° on either side of the ventral midline. 
* More than 45° posterior to ventral midline of aorta. 


viduals (57 per cent) with 3 ventral ostia. 
In Group C, 7 individuals (41 per cent) 
with both right-sided ostia located ven- 
trally were found. Also in the 2 other 
groups the right renal arteries had a ven- 


l'1G. 4. Interior view of the lumbar aorta showing 
multiple renal arteries bilaterally (arrows). The 
small ostia between the superior mesenteric (S) 
and celiac axis (C) may represent additional renal 
arteries. 
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TABLE II] 


AVERAGE DISTANCE IN CENTIMETERS BETWEEN 
RENAL ARTERY AND SUPERIOR MESENTERIC 
ARTERY OSTIA 


(Based on 110 Autopsies) 


No. of 


Cases 


No. of 


Cases 


Lateral 
Location 


Ventral 
Group 
Location 
Right Renal Ostia 
tO.51 (40) LADEO: 71 
(5) 0.6 
(8) [a 


(6) : 
(4) O. 


Left Renal Ostia 
(12) P 

(4) I. 

(2) b 

(3) I... 

(2) O.! 


* Cranial to superior mesenteric artery. 


tral origin more frequently than the left 
renal arteries. 

The vertical distance between the ostium 
of the superior mesenteric artery and the 
renal artery was also determined on the 
postmortem material (Fig. 5). Table mr 
shows these distances for renal arteries 
with lateral and ventral origin from the 
aorta. There was a tendency for the ventral 
aortic ostia of either renal artery to be 
located closer to the superior mesenteric 
artery opening than the lateral ostia. In 
the presence of more than 1 renal artery, 
the distance between the most cranial 
vessel and the superior mesenteric ostium 
Even when the distance 
between the superior mesenteric artery 
and the celiac axis was short—less than 1 
cm.—the distance between the superior 
mesenteric artery and renal arteries was 
not decreased. 


was measured. 


DISCUSSION 


[t has been stated in postmortem studies 
that the renal arteries arise from the lateral 
aspect of the lumbar aorta,!* and that an 
accessory artery could emerge from the 


OCTOBER, 1968 


ventral aspect of the aortic wall.!^?* Pub- 
lications in the angiographic literature con- 
sider the usual position of the renal ostia 
lateral or the aortic 
wall. The results of this morphologic 
study differ in several aspects from these 
findings. The postmortem as well as the 
angiographic measurements never show a 
renal artery emerging as far dorsally on the 
aortic wall as the lumbar artery. On the 
contrary, more than half of the right renal 
arteries and 25 per cent of the left renal 
arteries arise close to the ventral midline 
of the aorta. 

Knowledge of the frequent ventral loca- 
tion of the renal artery ostia is important 
tor selective catheterization. While search- 
ing for the renal artery during catheteriza- 
tion, the catheter tip should pass over the 
ventrolateral as well as the lateral aspect 
of the aorta. 

The renal artery ostia are frequently 


to be dorsal on 


lic. 5. Example of measurement of distance be- 
tween center of renal artery ostia and superior 
mesenteric arterv ostia: (a) distance between lower 
right renal and superior mesenteric artery ostia; 
(b) distance between left renal and superior mes- 
enteric artery ostia. 
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Location of Renal Arteries 


Fic. 6. (4) Right renal artery ostium (R) is close to superior mesenteric artery (S). (B) The renal artery 
ostia (R, R) are located ventrally and so close to the superior mesenteric artery (S) that in selective cathe 
terization the tip of the catheter could easily enter any of the openings. 


located not onlv far ventrallv, but also rel- 
atively cranially, sometimes in close prox- 
imity to the superior mesenteric artery. 
This is more frequently seen on the right 
side (Fig. 6.7), but may also be present on 
the left side or bilaterally (Fig. 65). When 
searching. for this arterv, the catheter 
must be advanced far enough in the cranial 
direction, and a test injection made to 
avert erroneous injection into the superior 
mesenteric arterv. 

The predominantly ventral position of 
the right renal artery ostia explains some 
complications observed in  translumbar 
aortographv. In this procedure the punc- 
ture needle is generallv inserted from the 
left of the spine and directed anteriorly to 
the right. Because the aorta is located im- 
mediately in front of the lumbar spine, it 1s 
almost impossible to introduce the needle 
accidentally into the origin of an artery 
arising from the lateral or dorsal aspect of 
the aorta. Occasionally the tip of the 
needle might be introduced accidentally 
into one of the renal arteries, usually the 
right one.515161929 The frequent ventral 
location of the right renal artery might be 
the reason for this higher frequency. 


SUMMARY 


An anatomic and angiographic study ot 
the aortic ostia of the renal arteries shows 
that the right renal arterv, and, less fre- 
quentlv, the left renal arterv, may emerge 
close to the ventral midline of the lumbar 
aorta. 

The consequences of these facts for 
selective renal artery catheterization are 
discussed. 


Klaus Ranniger, M.D. 
Department of Radiology 
The University of Chicago 
950 East soth Street 
Chicago, Illinois 60637 
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DELAYED CONCENTRATION AND PROLONGED 
EXCRETION OF UROGRAPHIC CONTRAST 
MEDIUM IN THE FIRST MONTH 
OF LIFE* 


By M. BERNADETTE NOGRADY, M.D., 


QUEBEC, CANADA 


MONTREAL, 


HERE are many references in the 

literature to the relatively poor con- 
centration of intravenously administered 
urographic contrast medium in the new- 
born period. This has never been ade- 
quately explained, but factors such as renal 
parenchymal immaturity, the large fluid 
intake of the infant, and the large amount 
of gas contained in the bowel at this period 
of life, have been mentioned.*?1?:15.2 


MATERIAL AND METHOD 


About 4 years ago, one of us (MBN) 
noted a rather consistent tendency for 
maximum concentration of the intrave- 
nously administered contrast medium to be 


achieved later in the upper urinary tract 
of the newborn infant, than is usual in a 


noame (Big. 1, 4 and JB; 


child or adult?:9: 


and 2, 4 and B). Since this phenomenon, if 


it could be confirmed, would have impor- 
tant implications with respect to the per- 
formance and interpretation of intrave- 
nous urograms 1n neonates, a review of 80 
random normal excretory urograms of in- 
fants in the first month of life was under- 
taken, together with a review of 80 similar 
urograms in children between the age of 1 
and 2 years. All cases so reviewed were 
selected to eliminate obstructive or other 
abnormalities which would tend to prolong 
the excretion curve of the injected contrast 
medium. 


The examinations so reviewed were of 


satisfactory diagnostic quality, and the 
urograms were studied with respect to con- 
centration in the upper tract without 
knowledge of the time after injection at 
which each individual film was exposed. 


and J. SCOTT DUNBAR, M.D. 


The urogram showing the best concentra- 
tion of opaque medium in the upper col- 
lecting system was chosen in this manner 
from the urograms available in each case. 
The assessment of densitv of the excreted 
contrast medium was limited to the pelvi- 
calyceal system and ureters, because their 
small capacity does not permit prolonged 
retention and dilution, and, thus, the den- 
sity achieved relates closely to the concen- 
tration of the excreted contrast medium. 
The same procedure was followed for 8o 
patients, age I to 2 years, and the maxi- 
mum concentration time thus subjectively 
assessed was plotted. 

The method of preparation, the dose of 
contrast medium, and the roentgeno- 
graphic procedure have been described 
previously by us" 

Figure 3 shows the distribution of maxi- 
mum concentration achieved in the upper 
tracts of the 80 neonates, following injec- 
tion of standard amounts of contrast me- 
dium (5 ml. per kg. of body weight up to 
maximum of 25 ml. as a single dose in the 
neonatal perio D). In 2 of the reviewed cases, 
a second injection of the same amount was 
necessary to obtain roentgenographicall 
adequate results. 

A source of error was present in some of 
the material reviewed, which could be elim- 
inated in some cases, but likely not in all. 
Because of difficulty of intravenous injec- 
tion in some of the infants in the series, 
more than one venipuncture was some- 
times performed, and without adequate 
recording on the work sheet, small amounts 
of contrast medium injected in the course 
of the first (or early) punctures, likely in- 


* Presented at the Sixty-eighth Annual Meeting of The American Roentgen Ray Society, Washington, D.C., September 26-29, 1967. 
From the Department of Radiology, the Montreal Children’s Hospital and McGill University. 
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(4) 6 minutes, (B) 25 hours after injection. Eleven day old premature infant in whom urog- 


raphy shows the best concentration at 21 hours after injection. 


validated the time recorded on a urogram 
as the interval elapsed between the intra- 
venous injection of the contrast medium 
and the exposure of the film. Thus, a uro- 


gram which was marked “6 minutes," 
would mean 6 minutes after the final and 
successful puncture, but might really repre- 


sent I 5 or 30 minutes after one or more in- 


lic. 2. (4) 3 minutes, (B) 30 minutes after injection. Twenty day old premature infant shows excellent 
concentration at 30 minutes after injection of 20 ml. renografin 60. 


- 


a? 
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complete injections. Such an error would 
mean that our results, as shown in Figure 
3, would be skewed in favor of higher con- 
centration on ostensibly early urograms, 
since some of these “early urograms," 
even after we had eliminated all cases 
where our records clearly showed multiple 
punctures, were likely really exposed late 
in relation to the first intravenous intro- 
duction of the contrast medium. If an 
allowance is made for this possible source 
of error, the true results are likely more 
clearly indicative of late concentration of 
the contrast medium than our material 
would indicate. 

In the neonatal period, shown by Figure 
3, in less than 25 per cent of the cases was 
the upper tract concentration sufficient to 
permit the examination to be terminated 
within the first half hour following intra- 
venous injection. In 75 per cent of the 
examinations, the maximum  concentra- 
tion occurred between 30 minutes and 3 
hours, the majority around 1—2 hours after 
injection. 


In the group of patients similarly re- 
viewed over 1 year of age, the maximum 
concentration was achieved within approxi- 
mately the first IO minutes; 7.e., more 
rapidly than is known to be the case gen- 
erally in adults.9:9.7.1 


DISCUSSION 


The contrast medium used in these 
studies was methylglucamine diatrizoate 
(renografin 60*), We therefore, do not know 
whether other currently used contrast 
media would show a different pattern of 
excretion in the neonatal period, although 
this seems highly unlikely. 

'The mechanism of excretion of currently 
used triiodo compounds in adults has been 
carefully studied and is well known to be 
almost entirely via glomerular filtration. 
3.7.21 In early life, the mechanism and mode 
of excretion of triiodo compounds is not 
well documented. 

We have undertaken blood and urine 
renografin determinations from multiple 


* Methylglucamine diatrizoate (E.R. Squibb & Sons Ltd.) 
= q 
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first week & 


age in days second 


5 10 15 20 25 30 35 40 45 50 55 60 120180240300 


time in minutes 


lic. 3. Best concentration of methylglucamine 
diatrizoate achieved during "routine" urography 
in 80 infants within the first month. 


samples obtained immediately after intra- 
venous administration of the contrast 
medium in 2 normal infants in the first 2 
weeks of life, and although the results are 
inconclusive, and further studies are 
planned, the curves obtained appear to 
confirm the radiologic assessment, in that 
they seem to show prolonged excretion of 
the contrast medium and rather late oc- 
currence of maximum concentration in the 
urine up to about 1-3 hours after injec- 
tion (Fig. 4, 4 and B; 5, 4 and B; and 6, 
A and 5). 

Since excellent concentration appears 
eventually to be achieved in the upper 
collecting system of the neonate, it would 
not appear possible to explain the pro- 
longed excretion and delayed concentra- 
tion on the basis of renal immaturity alone. 

In suggesting possible explanations tor 
the relatively long excretion time and poor 
concentration early after intravenous ad- 
ministration of contrast medium in the 
first month of life, the following questions 
require clarification: 

1. The low glomerular filtration rate in 

the neonate; 

pain during the injection of contrast 
medium, possibly lowering glomeru- 
lar filtration rate; 

the diuretic effect of contrast medium; 
generalized vasodilatation during and 
after injection; 

hydration of the patient; 

total body opacification; and 
elimination of non-contrast urine from 
the upper collecting system, thickness 
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ic. 4. (4) 6 minutes, (B) 1 hour after injection. 
Greatest concentration achieved in 1 hour after 
injection of 16 ml. of contrast medium at 10 days 


of age. 
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of the contrast urine laver in the 
collecting system, and technical qual- 
ity of the urograms. 

Since Barnett's investigation of kidney 
function in infants, the clearances of urea, 
Na, K and Cl have been known to be 
low.!:?!4 Vesterdal and Tudvad?* deter- 
mined inulin and PAH clearances in 55 
experiments in infants aged 1-118 days 
(including prematures weighing over 1,500 
gm. at birth), and found inulin clearances 
of 12-14 ml. per minute (normal adult 
values 124 ml./min.) corrected for 1.73 
sq. meter body surface. Both clearance 
values were found to increase rapidly after 
the first week of life, but with great in- 
dividual variations.?? 

Methylglucamine diatrizoate, as is the 
case with most of presently used triiodo 
radiographic contrast media, is known to 
be excreted bv glomerular filtration in the 
normal adult. The fact that this filtration 
rate in the infant 1s about one tenth of the 
adult value may explain the prolonged 
excretion of contrast medium. It does not, 
however, explain the relatively late peak 
of concentration in the newborn. 

Vesterdal and Tudvad?? found that pain 


Fic. §. (4) 6 minutes, (B) 45 minutes after injection. Best concentration is achieved 45 minutes following 
injection of 20 ml. of renografin 60 in a week old premature infant. 
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Urographic Study in First Month of Life 


Fic. 6, (4) 6 minutes, (B) 23 hours after injection. Five day old infant; excellent concentration is 
achieved 24 hours after injection. 


depresses both clearances; 7.e., the glomer- 
ular filtration rate. Most babies are obvi- 
ously disturbed and frequently in pain 
during intravenous injection of contrast 
medium but so are older infants and chil- 
dren. 

Some authors found that clearances were 


increased by increased diuresis in in- 
fants.}:220.23 The osmotic diuretic effect of 
hypertonic contrast media is well known, 
but the degree of diuresis produced in the 
age group we are studying is not well doc- 
umented, and in particular the intensity 
and duration of the diuresis does not ap- 
pear to have been studied. It is postulated 
by Keates" that the diuretic effect of con- 
trast media falls off after the contrast 
medium is cleared from the blood. 

Hemodynamic changes are known to 
occur following injection of hypertonic 
contrast media.® ° 

Generalized vasodilatation in small 
babies is obvious, at least in the skin, from 
the sudden flushing of the entire body a 


few seconds after the beginning of intra- 
venous injection of contrast medium. This 
clinical phenomenon is not reported in the 
literature during intravenous injection of 
renografin so far as we are aware, but has 
been striking in our experience. To what 
extent a generalized vasodilatation occurs 
in such infants, in non-cutaneous struc- 
tures, we do not know, but the generalized 
erythema disappears shortly after the 
termination of the injection. 

Blood pressure recordings in infants be- 
fore and after injection of contrast medium 
have not been reported in the literature. 
We have attempted to make such records, 
but have not been successful, largely due 
to the difficulties of making multiple re- 
cordings in the few minutes following in- 
jection by any of the methods currently 
used for blood pressure studies 1n this age 
group. 

Dehydration is not used in the prepara- 
tion of patients for excretory urography in 
our department. While it has been advo- 
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cated for this purpose for many years by 
most authors, 1t 1s our opinion that dehy- 
dration of infants is a dangerous procedure 
which should be avoided.'* Since we do not 
use it 1n anv age group, 1t seems unlikely 
that dehydration or the lack thereof plays 
an important part in the late concentra- 
tion of contrast medium in the neonatal 
period. 

O'Connor and Neuhauser!’ pointed out 
that in early life, injection of large quan- 
tities of contrast medium for 
urography is frequentlv followed bv in- 
crease in density of all the soft tissues vi- 
sualized radiologically—*"'total body opaci- 
fication.” We have confirmed this re- 
peatedly, and indeed the phenomenon is 
now well known and its appreciation is 
important and useful in interpreting excre- 
tory urograms in young infants. It is in- 
teresting to speculate that such “total body 
opacification” 


excretory 


the contrast medium into the extravascular 
compartment of total body fluids, and that 
the contrast medium may then be re-dis- 
placed into the intravascular fluids, sub- 
sequently to be eliminated by the kidneys. 
This would explain the prolonged retention 
curve in the blood, and to some degree, the 
delayed concentration. This hypothesis 
seems to be supported by the osmotic ef- 


fect, following contrast medium injec- 


tion.? However, since the phenomenon of 


"total body opacification” in this 
group has not yet been fully studied with 
reference to the localization of the contrast 
medium when density of soft tissues in- 
creases, its relation to late concentration 
in the upper urinary tract 1s still conjec- 
tural. 

As noted above, we have confined our 
assessment to the upper tract, since in the 
normal infant, the volume of the collecting 
system is so small that retention and dilu- 
tion in this area would not be expected to 
vitiate concentration as 
judged by radiopacity. We have eliminated 
possible or clear-cut cases of hydronephro- 
sis from the series reviewed, and therefore 
think 1t unlikely that dilution or thickness 


age 


assessment of 
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of the contrast layer being visualized is 
influencing the results we are reporting. 

We have not attempted fO separate tull 
term from premature infants in this studv. 
This is a matter of obvious importance, 
and it may be that further observations 
will define the extent to which prematurity 
contributes to the unexpected alteration in 
the excretion curve of intravenously in- 
Jected contrast medium. 

It should be noted, too, that while we 
have identified and empirically confirmed 
this phenomenon as appearing in the neona- 
tal period, our confining it to the first 
month is clearly arbitrary. We do not 
know, from experience gained to date, just 
when a change in “maturity”? of renal 
function occurs with respect to the length 
and shape of the excretion curve of triiodo 
contrast media. It seemed appropriate to 
report this observation before it is fully 
defined or understood, because of its prac- 
tical importance as well as its possible 
scientific interest. 


SUMMARY 


[n infants in the first month of life, ex- 
cretion of intravenously injected 
graphic contrast medium—in this 
methylglucamine diatrizoate—is prolonged 
and maximum concentration appears to be 
achieved at approximately 1-3 hours after 
injection, 


uro- 
Case 


This observation was confirmed by re- 
view and tabulation of 80 intravenous uro- 
grams in infants under the age of 1 month 
and 80 comparable studies of pediatric pa- 
tients the age of 1—2 years, in all of whom 
no significant urinary tract abnormality 
had been demonstrated. 

The significance of this observation with 
reference to renal physiologv is not clear, 
and in particular we do not as yet know to 
what extent prematurity may contribute 
to the difference in the excretion curve in 
the neonatal period as compared to older 
pediatric patients and adults. 

Visualization and interpretation of the 
urinary tract in the neonatal period can 
be greatly improved, by diminishing the 


— 





VoL. 104, No. 2 


number of early urograms after the intra- 
venous injection of the contrast medium, 
and prolonging the examination to several 
hours when necessary. 


M. Bernadette Nogrady, M.D. 

Department of Radiology 

The Montreal Children's Hospital 
and McGill University 

2300 Tupper Street 

Montreal 25, Quebec, Canada 
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EARLY DEMONSTRATION OF RENAL COLLATERAL 
ARTERIAL SUPPLY 


By LEON LOVE, M.D.,* and IRVING M. BUSH, M.D.1 


CHICAGO, ILLINOIS 


HE presence of collateral arterial path- 

ways has been well demonstrated in hu- 
mans in most anatomic locations.! ?-5/ 8:12,13 
Collateral arterial branches which will sup- 
ply the kidney in the event of complete 
ligation of the renal artery have been shown 
as early as 1906.!? [n a recent paper! 2 dogs 
with previous right nephrectomies demon- 
stratel abundant collateral circulation 
arteriographically, which was sufficient to 
sustain life 7 weeks after the slow applica- 
tion of a Goldblatt clamp to the remaining 
renal artery. Lowman ef al.? also demon- 
strated the appearance of small collateral 
vessels 2 to 6 months after completely oc- 
cluding the renal artery of dogs by an intra- 
arterial injection of allylamine. These 
studies would seem to imply that a minute 
renal collateral circulation is always pres- 
ent, responding to the demand of acute 
complete renal artery occlusion by imme- 
diate enlargement with a resultant increase 
in blood flow. This has not been demon- 
strated arteriographically in humans. Pre- 
viously cited cases" showing collateral 
pathways have always been demonstrated 
in longstanding occlusive renal artery dis- 
ease where the mechanism 1s gradual. Our 
3 cases show definite early arteriographic 
collateral patterns following accidental 
occlusion of the renal artery during exten- 


sive surgical procedures. This was seen 


arteriographically as early as 8 hours in 
one case, 8 days in the second, and 16 days 
in the third. 

The renal arteries usually arise from the 
abdominal aorta near the lower one-third of 
[L-1 and pass laterally and obliquely down- 
ward. Each renal at the 
hilus into a dorsal and ventral ramus which 


artery divides 


passes over the dorsal and ventral aspects 
of the renal pelvis. The dorsal and ventral 
ram! divide into segmental interlobar ves- 
sels then into subsegmental, arcuate and 
interlobular branches to supply the dorsal 
and ventral pyramids, respectively. Com- 
monly, the dorsal artery (the first branch 
of the main renal artery) supplies the ven- 
tral pyramids at the superior lobe of the 
kidney, and the ventral artery supplies the 
dorsal pyramids on the inferior pole of the 
kidnev. The ventral portion lies lateral to 
the dorsal portion and, therefore, the ves- 
sels at the periphery are ventral branches.?? 

Parenchymal renal arteries are end ar- 
teries. Anastomosis between intrarenal 
branches has not been reported; however, 
anastomosis does occur between parenchy- 
mal end and extrarenal 
sels. 7.11.13 

The renal collateral system (Fig. 1) is 


vessels ves. 


supplied by the following arteries: 
(1) The renal capsular svstem. 
a. first 4 lumbar arteries 
b. branches of the internal iliac ar- 
terv 
c. the intercostal arteries 
d. the inferior adrenal artery 
e. capsular branches 
The peripelvic system. 
a. direct branches from the aorta 
». the first 3 lumbar arteries 
c. the inferior adrenal artery 
d. the testicular or ovarian arteries 
e. the renal artery proximal to a 
stenotic area 
The peri-ureteric system. 
a. the internal iliac 
common source of peri-ureteric 
collateral circulation) 


artery (most 
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b. the second, third and fourth lum- 
bar arteries 
c. testicular and ovarian arteries 
d. direct aortic branches. 


REPORT OF CASES 


Case t. A 29 year old Negro female was seen 
in the Hypertension Clinic of the Cook County 
Hospital on October 4, 1963 complaining of 
palpitation, shortness of breath and 3 pillow 
orthopnea for 3 months. Her blood pressure 
was 210/140 and her pulse rate was 160. 

On October 11, her urinary catecholamines 
were 306 ug. in a 24 hour period and her vanillyl 
mandelic acid (V.M.A.) ratio was o.84. Levels 
of urinary catecholamines above 100 ug./24 
hours and a V.M.A. ratio below 1.0 are consis- 
tent with the diagnosis of a pheochromocy- 
toma. At surgery on December 20, 1963 an 
egg sized abdominal paraganglioma was dis- 
covered immediately anterior and lateral to the 
aorta extending behind the inferior vena cava 
and left renal vein. The right renal artery was 
adherent to the undersurface of the tumor and 
was sacrificed in order to remove the mass. This 
artery was anastomosed without difficulty ap- 
proximately 15 minutes later and was pulsating 


Fic. 1. Collateral circulation in renal artery 
occlusion. 


Demonstration of Renal Collateral Arterial Supply 


"A 
-9, 


at the completion of surgery. The patient's 
V.M.A. ratio and catecholamine level returned 
to normal following surgery. However, her 
blood pressure remained elevated, 180/110: 
200/130. Intravenous pyelography performed 
on December 27, 1963 revealed no excretion of 
contrast material by the righth kidney. Retro- 
grade femoral aortography performed on 
December 28, 1963 (eighth postoperative day) 
demonstrated a complete occlusion of the right 
renal artery (Fig. 2.7). On the 45 second study 
a well-defined group of collateral vessels was 
first noted extending retrograde along the peri- 
ureteric plexus (Fig. 2B). These continued to 
visualize late into the nephrographic phase of 
the left kidney. 

A right nephrectomy was performed on 
January 4, 1964. The kidney weighed 110 gm. 
and measured 9X4X2.3 cm. A large yellow 
triangular shaped area in the upper pole sur- 
rounded by hemorrhagic tissue was noted. The 
cut surface showed numerous yellow areas in 
the cortex and medulla also surrounded by 
hemorrhagic tissue. Microscopically, extensive 
necrosis in the cortex and medulla was seen. 
The medium sized blood vessels showed recent 
thrombi and one of the vessels showed an or- 
ganized thrombus. Since the nephrectomy her 
blood pressure has averaged 150/100. 


Case rr. A 21 year old Negro male arrived 
at Cook County Hospital on July 9, 1966, 2 
hours after sustaining an abdominal gunshot 
wound. At the time of admission he had hema- 
temesis and was in shock with generalized ab- 
dominal tenderness and absent bowel sounds. 
At emergency laparotomy penetrating wounds 
of the left lobe of the liver and the lesser curva- 
ture of the stomach were repaired. The spleen 
was removed. In addition, a partial laceration 
of the left renal artery was re-anastomosed. 
The patient had a stormy recovery and on 
July 21, 1966 nonvisualization of the left kidney 
was noted on an intravenous pyelogram (Fig. 
34). On July 25, 1966 (sixteenth postoperative 
day) retrograde femoral aortography was per- 
formed and demonstrated complete occlusion 
of the left renal artery approximately at the 
surgical anastomotic site (Fig. 3B). On the 
late serial roentgenograms taken at 10 and 11 
seconds (Fig. 3C) retrograde filling of intrarenal 
branches was noted which had not appeared 
in the earlier roentgenograms. The main renal 
artery never opacified. A repeat retrograde 
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l'1G. 2. Case 1. (4) One-half second study. Retrograde femoral 
aortogram. There is complete occlusion of the right renal artery 
immediately beyond its origin. (B) Four and one-half second 
study. Peri-ureteric collateral arises in the region of the internal 
iliac artery and progresses toward the kidney in a retrograde 


fashion. 


femoral arteriography on September 7, 1966 
failed to reveal any increase in the small number 
of collateral vessels. On September 8, 1966 a 
left nephrectomy was performed. On opening 
the specimen the left renal artery was occluded. 
The specimen consisted of a markedly con- 
tracted left kidney, weighing 25 gm., which 
showed an irregularly nodular, rough external 
renal surface, due to irregular scarring. Micro- 
scopically, the renal parenchyma revealed 
fibrosis of all the glomeruli in the outer cortical 
zone, in association with interstitial fibrosis and 
chronic inflammatory cells. The midposition 
of the cortex showed partial hbrosis of the 
glomeruli with frequent capsular adhesions. 
The deep cortical parenchyma appeared rela- 
tively well preserved. 


Case ut. A §9 year old Negro female with 
a 2 month history of hypertension not relieved 
by medication entered the Cook County Hospi- 
tal on September 26, 1966. At the time of ad- 
mission her blood pressure was 220/120 and 
she complained of sharp, throbbing bitemporal 
headaches associated with nausea and vomit- 
ing. On physical examination she had Grade 11 
retinopathy with old exudates in the right 


fundus. Significant laboratory findings in- 
cluded: a trace of protein in the urine; a serum 
creatinine of 2.28 mg. per cent; a creatinine 
clearance of 30.06 cc. per minute; a urine pro- 
tein of 0.3 gm. per 24 hours; a urine sodium of 
120.7 mEq. per 24 hours; a urine potassium of 
34 mEq. per 24 hours and a V.M.A. ratio 
within normal limits. 

Preoperative intravenous — pyelography 
showed no function of the left kidney. A com- 
plete occlusion of the left renal artery and a 
plaque at the orifice of the right renal artery 
were demonstrated arteriographically (Fig. 
44). At laparotomy no pulsation of the left 
renal artery was noted. A measurement of pres- 
sure in the right renal artery and aorta re- 
vealed a gradient of 20 mm. An exploratory 
aortotomy was performed. The left renal artery 
was completely occluded. The right renal artery 
had a small plaque near its orifice but a catheter 
passed easily into it. A left nephrectomy and 
closure of the aortotomy were performed since 
the right renal arterial pressure gradient was 
not of asignificant degree. No attempt was made 
to revascularize the right kidney. 

There was no urinary output during the first 
4 hours after surgery. A loading dose and a 
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Case 11. (4) Intravenous pyelogram 12 days after 


the repair of a laceration of the left renal artery fails to 
reveal function of the left kidney. (B) Retrograde femora! 


arteriogram (1 second study), 16 days after surgery, re- 
veals complete occlusion of the left renal artery at the site 
of original repair. (C) Three and one-half second study 
reveals a faintly visualized segmental branch of the left 
renal artery. Source of the collaterals is probably from the 
peri-ureteric complex and fourth lumbar artery. 


second dose of mannitol failed to improve the 
situation. Eight hours after surgery an aortog- 
raphy was performed and revealed complete 
occlusion of the right renal artery (Fig. 4, 
B and C). Ten hours after the initial surgery a 
second laparotomy was performed. An aortot- 
omy revealed a thrombus in the right renal 
artery. Right thromboendarterectomy, removal 
of the arteriosclerotic plaque and a patch graft 
were accomplished without difficulty. Arteriog- 
raphy performed on the operating table im- 
mediately after the repair showed flow through 
the renal artery (Fig. 4D). The patient's uri- 
nary excretion, postoperatively, was minimal. 
Her central venous pressure rose from 8 to 20 
cm. Her blood urea nitrogen rose to 186 mg. per 


cent, and her serum creatinine to 15.9 mg. per 
cent. On the eighth postoperative day her 
serum potassium was 6.3 mg. per cent and she 
was placed on hemodialysis. After 2 weeks of 
dialysis she entered the diuretic phase of her 
renal failure and excreted 4 to 5 liters of urine 
per day. Her blood urea nitrogen gradually 
dropped to 17 mg. per cent over a 2 month 
period. She is, at present, normotensive and her 
blood urea nitrogen has remained within nor 
mal limits. 


DISCUSSION 
The presence of a well outlined renal 
collecting system on intravenous pyelog- 
raphy, with complete occlusion of the renal 
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Kic. 4. Case 111. (4) Preoperative retrograde femoral arteriogram (1 second) reveals a complete occlusion of 
the left renal artery. There is a stenotic plaque in the right renal artery. Renal collaterals were not present 
on either side during the 11 second study. (B) Postoperative retrograde femoral aortogram (1 second), 8 
hours after left nephrectomy, reveals complete occlusion of the right renal artery with radiolucent defect 
(clot?) at the renal artery origin. (C) A 4 second study reveals segmental branches of the right renal artery 
(arrow). Origin of collateral circulation cannot be ascertained. (D) Operative arteriogram following re- 
moval of thrombus reveals faint visualization of renal artery and a nephrogram of the kidney. 


artery demonstrated by arteriography, is 
not uncommon. The attractive supposition 
in this situation is that the occlusion pro- 
gresses slowly. In our 3 cases, where the 
occlustion was sudden and dramatic, in- 
sufficient time had elapsed to restore any 
semblance of function. Consequently, the 
intravenous pyelography revealed no ex- 
cretion on the involved side. In the hope 
that collateral circulation would be of some 
help in saving the kidney of Case 11, a period 
of 2 months elapsed before nephrectomy. 
However, no additional evidence of col- 


lateral circulation occurred in the inter- 
vening period. The return of renal function 
in Case 111 with occlusion of a solitary renal 
artery, of 10 hours’ duration, would imply 
that the collateral circulation was patent 
and functional almost immediately and 
was the critical factor in this patient’s un- 
expected survival. 


SUMMARY 


^ 


(1) Three cases of sudden occlusion of 
the renal artery, either traumatic or surgi- 
cal in nature, are reported. 
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during acute obstructions of thoracic aorta. 
Am. T- Physiol., 1955, 163, 193-196. 

. Kraprnora, H. J. Distribution of renal arterial 
circulation in dog. 7. Urol., 1959, 82, 417-423. 

. Love, L., Hitt, B. J., Larson, S. Jo RAIMONDI, 
A. J., and Lescuer, A. J. Cranial collateral 
pathways in stroke syndrome. Am. J. ROENT- 
GENOL., Rap. THERAPY & NucLear MeD., 
1966, 98, 637—646. 


(2) The presence of collateral circulation 
established as early as 8 hours is demon- 
strated. 
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RENAL ARTERY ANEURYSM: A CAUSE OF SEG- 
MENTAL ALTERATION IN RENAL BLOOD 
FLOW AND HYPERTENSION* 

By WYLIE J. DODDS, M.D.,t WILLIAM E. NOYES, M.D., FRANK HINMAN, Jr., M.D., and 
RONALD J. STONEY, M.D. 


SAN FRANCISCO, CALIFORNIA 


RC SAL artery aneurysms may cause 

hypertension by generalized or seg- 
mental alteration of blood flow to the kid- 
ney. The literature offers few angiographic 
demonstrations of renal artery aneurysms 
associated with segmental alteration of 
renal blood flow.?*° The present report is 
that of a patient with a left renal artery 
aneurysm, segmental alteration of renal 
blood flow, and hypertension. 


REPORT OF A CASE 


This $1 year old white male was admitted to 
the University of California Hospital, San 
Francisco, for evaluation of hypertension of 
recent onset. He had been in good general 
health until 11 years ago when episodes of left 
flank pain began and a calcified renal calculus 
was passed. At that time, a 1.5 X2 cm. calcified, 
left renal aneurysm was demonstrated on an 
intravenous pyelogram. A low calcium diet 
was prescribed and no further episodes of renal 
calculi occurred. 

Three years ago, polyuria and polydipsia 
developed, resulting in a diagnosis of diabetes 
mellitus. The diabetes has been well controlled 
with diet and Orinase. About 1 month before 
admission, the patient noted the onset of after- 
noon headaches. His private physician dis- 
covered that the patient was hypertensive. The 
past history was otherwise unremarkable. 

On admission, the blood pressure ranged from 
140 to 180/90 to 100 mg. Hg in both arms. The 
pulse and respirations were normal. The pa- 
tient was slightly obese and there were Grade r 
arteriosclerotic vascular changes in the optic 
fundi. The physical examination showed no 
other abnormalities. 

Laboratory examinations revealed normal 
values for a complete blood cell count, urinaly- 


sis, serum electrolytes, calcium, phosphorus, 
and creatinine. The fasting blood sugar was 
124 mg. per cent and serum uric acid 7.6 mg. 
per cent. A roentgenogram of the chest and an 
electrocardiogram were evaluated as normal. 
A recent intravenous pyelogram demonstrated 
a 2X2 cm. calcified left renal aneurysm. The 
kidneys were of normal size and appeared to 
function normally. A differential renal function 
test (Stamey test) was performed and its re- 
sults were within normal limits. On renal ar- 
teriography, performed with a midstream aortic 
injection of contrast medium, a solitary aneu- 
rysm of the left renal artery was demonstrated. 
The aneurysm appeared thick-walled and its 
internal diameter measured 1 cm. No roentgen 
evidence of segmental ischemia of the left 
kidney was seen when a midstream injection 
was done. On selective left renal artery injec- 
tion, however, slow flow was demonstrated in 
the segmental artery that supplied the lower 
pole of the left kidney. The nephrogram of this 
region was poor as compared to that of the re- 
mainder of the left kidney (Fig. t, 4—-C). 

Because of the recent onset of hypertension, 
an exploration was decided upon. At surgery, 
difficulty was experienced in mobilizing the 
aneurysm, which, although extrarenal, was 
buried in the renal sinus. Therefore, a left 
nephrectomy was done. Following the opera- 
tion, the patient’s blood pressure returned to 
normal immediately and still remains so 6 
months later. 

Dissection of the excised specimen demon- 
strated that the aneurysm arose posteriorly 
from the anterior branch of the left renal ar- 
tery. The aneurysm was situated between the 
segmental branches of the anterior and poste- 
rior divisions of the left renal artery, stretching 
and compressing slightly all the surrounding 
vessels, especially the branch to the lower pole 


* From the Department of Radiology, the Division of Urology, and the Department of Surgery, University of California School of 
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(Fig. 2, 4 and B). The main renal artery ap- 
peared normal. No evidence of appreciable 
intrinsic narrowing of the segmental vessels 
was seen. Within the aneurysm was a mural 
thrombus 1 mm. thick, but no clot was ob- 
served to be extending into the segmental 
vessels. 

Histologic examination revealed some slight 
diffuse interstitial fibrosis, moderate intimal 
thickening in the small arteries, and slight 


Renal Artery Aneurysm 


Fic. 1. Selective left renal arteriograms. 
(4) The arterial phase demonstrates 
stretching of segmental arteries around 
a calcified renal artery aneurysm located 
in the hilus of the kidney. The aneurysm 
is thick-walled and a central cavity is 
filled with contrast medium. (B) Con- 
trast medium has cleared from all but 
the segmental artery that supplies the 
lower pole of the kidney. The calcified 
wall of the aneurysm is outlined better 
and puddling of the contrast medium 1s 
seen in the dependent portion of the 
aneurysm. (C) In the nephrographic 
phase, a pie-shaped defect (arrows) cor- 
responds to the region supplied by the 
lower pole of the artery. 


glomerular hypercellularity. The small renal 


vessels gave no evidence of embolization, 


DISCUSSION 


In the patient reported, decreased blood 
flow to the lower pole of the left kidnev was 
demonstrated by selective renal arteri- 
ography. Examination of the gross surgical 
specimen showed that the aneurysm com- 
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(4) The gross pathologic specimen gave evidence of stretching of the segmental arteries of the an- 


terior branch of the left renal artery, especially the branch to the lower pole around the aneurysm. The 
aneurysm arose posteriorly from the proximal portion of the anterior branch. A cannula is in the main renal 


artery. (5) Drawing of the gross specimen. 
pressed all of the segmental arteries, es- 
pecially the branch to the lower pole. 
Saccular aneurysms arising from the 
renal artery are usually caused by weaken- 
ing of the arterial wall, the result of de- 
generation in elastic tissue. Approximately 
two-thirds of saccular aneurysms are lo- 
cated at the bifurcation of the renal artery, 
as in the present instance, and one-third in 
the segmental branches. Intrarenal loca- 
tion of aneurysms has been reported in 17 
ber cent” Although such aneurysms are 
usually unil: ateral, bilateral aneurysms are 
not uncommon.’ Thirty to 50 per 
saccular aneurysms are calcified.?? 
Renal artery aneurysms are 
with systemic hypertension in about 15 
per cent of patients. * ^? Such aneurysms 
may produce ischemia of the entire kidney, 
or reduce the blood flow in segmental 
branches of the renal artery by compres- 
sion, thrombosis, or embolism. Vascular 
compression appeare ed to be the most im- 
portant factor in our patient. When associ- 
ated with a renal artery aneurysm, hyper- 
tension is an accepted indication for sur- 


associated 


gery. Nephrectomy results in a lowering of 


the blood pressure in most such in- 


cent of 


stances.*!? Such was the case in our pa- 
tient; the blood pressure has remained 
normal during a follow-up period of 6 
months. 


Selective 


renal arteriography in cases of 
renal artery aneurysm is of great value for 


definitive diagnosis, precise localization, 
and evaluation of segmental renal blood 
flow. Segmental renal ischemia and small 
aneurysms may be overlooked on mid- 
stream aortic injections. The arteriographic 
findings may be important in selecting pa- 
tients for surgery and the precise localiza- 
tion of renal artery aneurysms results in 
better surgical planning. 
cision of the aneurysm, 
the defective vessel, or partial nephrectomy 
is technically feasible. 


[n some cases, ex- 
reconstruction of 


SUMMARY 


A patient with hypertension and a renal 
artery aneurysm causing segmental reduc- 
tion in renal blood flow is reported. After 
nephrectomy, the blood pressure returned 
to normal. 

The value of selective renal arteriog- 
raphy in evaluating cases of renal artery 
aneurysms is stressed. 
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RENAL ARTERIOVENOUS ANEURYSM CAUSING 
HYDRONEPHROSIS AND RENAL ATROPHY* 


By WILLIAM FE. PAINTER, M.D., RICHARD R. DIiDONATO, M.D., and ROBERT 
WHITE, M.D. 


BALTIMORE, MARYLAND 


Cpe uropathy leading to 

nonfunction and atrophy of an entire 
kidney has not been previously reported 
in the literature as a complication of renal 
arteriovenous aneurysm. The purpose of 
this paper is to report such a case. 


REPORT OF A CASE 


The patient, a 61 year old Negro female, was 
admitted to the Johns Hopkins Hospital on 
January 31, 1967 because of an intermittent 
vaginal discharge of approximately 1 year’s 
duration, She had been treated periodically for 
mild hypertension for the previous 4 years. 
There was no history of abdominal trauma, 
and the patient’s health had generally been 
excellent. There was a past history of syphilis 
some 25 years earlier, for which she had re- 
ceived heavy metal therapy. She denied cardio- 
respiratory or urinary tract symptoms. 

The patient was a well developed, elderly, 
Negro female. The blood pressure was 175/80 
and the pulse rate was 92/min. Mild arterio- 
sclerotic changes in the retinal vessels were 
noted on fundoscopic examination. Cardiovas- 
cular examination revealed the pulses to be of a 
large volume. The heart was enlarged, with a 
forceful apical impulse located between the 
midclavicular line and the anterior axillary line. 
There was a Grade 3/6 systolic ejection murmur 
at the apex and along the left lower sternal 
border. Abdominal examination revealed an 
8-10 cm. smooth, expansile mass palpable in 
the right upper quadrant, immediately below 
the costal margin. A thrill was present and 
auscultation revealed a loud, continuous bruit 
which was widely transmitted to the chest and 
abdomen. The rest of the examination was 
unremarkable. 

The urine examination showed pyuria with 
10-15 white blood cells per high power field and 
no hematuria. The peripheral blood smear re- 
vealed microcytic, hypochromic anemia, and 
the hematocrit was 32 volume per cent. Serum 


electrolytes, calcium, phosphorus, uric acid as 
well as blood sugar were all normal. The serum 
urea nitrogen ranged from a high of 7o mg. 
per cent to 20 mg. per cent. The serologic test 
for syphilis was nonreactive. Urine cultures 
were negative. The electrocardiogram showed 
left ventricular enlargement, with nonspecific 
ST-T wave changes. 

Roentgen Findings. The chest roentgenogram 
showed fibrotic pleural thickening at the right 
base and mild cardiomegaly. There was a 
crescentic rim of calcification in the right upper 
quadrant on the abdominal roentgenogram 
with scattered calcification over the lower pole 
of the right kidney (Fig. 1.7). An opaque cal- 
culus in the lower left ureter and residual of 
heavy metal therapy in the buttock areas were 
also noted. Mild obstructive uropathy on the 
left due to the ureteral calculus was visible 
(Fig. 1B). Minimal visualization of a hydro- 
nephrotic right collecting system was noted 
after 24 hours at the time of the retrograde 
study (Fig. 1C). The calcified crescentic struc- 
ture thought to represent a renal artery aneu- 
rysm was situated at the renal hilus causing 
ureteropelvic obstruction and marked hydro- 
nephrosis. A lower pole radiolucent filling defect 
with some rim and mottled calcification could 
also be seen (Fig. 17). 

Angiographic and Hemodynamic Data. Ab- 
dominal aortography and selective right renal 
arteriography were performed, using the Seld- 
inger technique via the right femoral artery. 
Following the injection of 35 cc. of conray-400 
at a pressure of 5 kg./cm.?, serial exposures were 
made in the anteroposterior projection. There 
was prompt filing of a large, calcified, renal 
artery aneurysm, and the renal artery proximal 
to the aneurysm was enlarged (Fig. 24). The 
aneurysm communicated posteriorly with an 
elongated, serpentine structure which later 
proved to be a false aneurysm. The false aneu- 
rysm communicated with a larger venous aneu- 
rysm through a restricted orifice. A large jet of 
contrast material was seen entering the venous 


* From the Johns Hopkins Medical Institutions, The Johns Hopkins Hospital, Baltimore, Maryland. 
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Fic. 1. (/4and B) Abdominal roentgenogram and excretory urogram demonstrate the calcified aneurysm and 
left lower ureteral calculus, as well as marked hydronephrosis due to its presence. (C and D) Retrograde 
studies show posterior and hilar location of the calcified aneurysm. 
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lic. 2. (4, B, Cand D) Dilated right renal artery, calcified aneurysm and false aneurysm. Note jet phenom 
enon (arrow in 4) and grossly dilated venous structure emptying through renal vein into inferior vena 


Cava (IVC): 


(Fig. 28B). Early appearance of 
contrast material in the inferior 
(IVC) was noted 1.4 seconds after the begin- 
ning of the injection (Fig. 2C). Later films re- 
vealed persistence of contrast material in the 
venous aneurysm and further opacification of 
the IVC (Fig. 2D). A nephrogram effect was 
not observed. 

Selective right renal arteriography was per- 
formed in the right posterior oblique projection 


aneurysm 


vena Cava 


following hand injection of 13 cc. of conray-400. 
This confirmed the sequential filling of the 
arteriovenous aneurysm and the fistulous com- 
munication with the IVC (Fig. 3, A-D). 
Preoperatively, indicator dilution studies 
were performed and the cardiac output and 
cardiac index were 7.33 L./min. and 4.73 L. 
min./M., respectively. The circulation time 
(axillary vein to brachial artery) was 13 
onds. Postoperatively, the cardiac output and 


Sec- 
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. (4, B, C and D) Selective study showing dilated renal artery and calcified arterial 
false aneurysm filled (B), aneurysmal lower pole vein (C), venous communication with 11 





(IVC) and continued opacification of venous aneurysm (D). 


cardiac index fell to 5.57 L./min. and 3.55 
L./min./M 2, while the circulation time rose to 
17 seconds. 

Hospital Course. Preoperatively, the patient 
had mild svstolic hypertension (160-180 mm. 


Hg), with occasional diastolic pressure 
high as 100 mm. Hg. Because of a rising 
urea nitrogen to 70 mg. per cent and evi 
of pyometra, a left ureteral lithotom) 
removal of the stone) and total abdomi 
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hysterectomy and bilateral salpingo-oophorec- 
tomy were performed. The patient did well 
following operation, with return of the serum 
urea nitrogen to normal values. She was sub- 
sequently discharged and was re-admitted to 
the surgical service 6 weeks later for elective 
removal of the renal arteriovenous aneurysm. 
On April 11, 1967, she had an uneventful surgi- 
cal removal of the right kidney and arterio- 
venous fistula. 

Pathology. The right kidney weighed 131 
grams and was hydronephrotic with multiple 
cortical cystic areas. The arterial aneurysm, 
measuring 4 cm. by 3.5 cm., caused obstiacton 
at the uretersesivic Tunetion. The aneurysm 
had ruptured with a 1 cm. in diameter commu- 
nication with a large false aneurysm which was 
multilobulated and measured 5.5 cm. in length 
and up to 2 cm. in width. In the lower portion 
of the false aneurysm there was a 0.4 cm. in 
diameter communication with a lower pole 
vein which extended to a greatly dilated cavity 
measuring 4 cm. by 5 cm. This in turn drained 
into the main renal vein which was dilated but 
otherwise normal. The calyces showed marked 
cystic dilatation and the renal parenchyma was 
in most places less than 0.5 cm. in thickness. 


DISCUSSION 


The case described in this report is un- 


usual in several aspects. First, the an- 
eurysm closely simulated the calcified wall 
of a gallbladder on the abdominal roent- 


genogram. Second, spontaneous rupture of 


the aneurysm led to the development of a 
large false aneurysm which communicated 
with a lower pole renal vein which in turn 
became aneurysmal and provided a path- 
way for blood to enter the inferior vena 
cava prematurely. Lastly, due to the large 
size of the arteriovenous aneurysm and its 
critical location in the renal hilus, a marked 
degree of ureteropelvic junction obstruc- 
tion developed with subsequent hydro- 
nephrosis and atrophy of the kidney. 
Various observers have reported an in- 
cidence of calcification in renal artery 
aneurysms varying between 11 and 4o 
per cent.^*? Although no significant sta- 
tistics are available, it would appear that 
spontaneous rupture of a calcified renal 
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artery aneurysm with secondary develop- 
ment of a renal arteriovenous fistula is a 
very uncommon occurrence.’ Ippolito and 
LeVeen! studied a group of 169 patients 
with renal artery aneurysm and in their 
series 100 were noncalcified and 69 were 
calcified; 24 ruptured and in all instances 
these aneurysms were uncalcified. 

Of the more than 60 cases of renal arte- 
riovenous fistulas described, most are re- 
lated to renal trauma, infections, nephrec- 
tomy, malignant tumor and congenital 
arteriovenous malformations. ?^* Re- 
cently, there have been increasing reports 
of acquired arteriovenous renal fistulas 
from punch biopsy" with some of these 
fistulas known to have closed spontane- 
ously.® 

Interesting alterations of circulatory 
dynamics may occur with renal arterioven- 
ous fistulas? 9:19 Initially, there may be a 
drop of both svstolic and diastolic blood 
pressures with a gradual return to previous 
or higher systolic levels by an increase in 
blood volume and cardiac output. The 
diastolic pressure may remain low or dia- 
stolic hypertension may develop. Pre- 
sumably, pulsatile blood flow and pressure 
distal to the arteriovenous fistula are re- 
duced and hypertension may develop 
secondary to renal ischemia. The cardiac 
output was elevated in the present case 
and the patient's cardiac enlargement de- 
creased following surgery, but there were no 
overt symptoms and signs of congestive 
heart failure at any time. Significant 
diastolic hypertension was not present. 


SUMMARY 


An unusual case of renal arteriovenous 
aneurysm and fistula developing secondary 
to spontaneous rupture of a calcified renal 
artery aneurysm 1s described. 

Elevated cardiac output with cardiac 
enlargement and hydronephrosis with sec- 
ondary renal atrophy were complications. 
Their roentgenographic and angiographic 
findings are demonstrated and the hemo- 
dynamic changes are discussed. 
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EFFECIS OF INTRA-ARTERIAL ACETYLCHOLINE 
ON RENAL ARTERIOGRAPHY IN 
NORMAL HUMANS* 


By T. A. FREED, M.D., HARRY HAGER, M.D., and MELVIN VINIK, M.D. 


BETHESDA, MARYLAND AND RICHMOND, VIRGINIA 


HE intrarenal arterial administration 

of both bradykinin and acetvlcholine 
has a marked effect on renal ar teriography 
in dogs, the primary effects being increase 
in arterial size and early renal vein ap- 
pearance time—-changes attributable to 
the vasodilating action of these drugs." 
Intrarenal arterial administration of ace- 
tylcholine in humans, using a technique 
of administration similar to that in canines, 
did not produce significant arteriographic 
changes in the renal arteriogram.? Further 
studies, using a different method of ad- 
ministration of acetylcholine, have re- 
sulted in significant arterial vasodilatation 
and other changes in the renal arteriogram 
to be described below. 


METHOD 


Selective renal arteriographies were per- 
formed in 8 adult male patients (11 kid- 
neys) prior to visceral arteriographic study 
for nonrenal disease. The patients’ ages 
ranged from 42 to 71 years. Red Kifa 
catheters were introduced percutaneously 
and selectively advanced into the renal 
artery. In all cases, a control arteriogram 
was obtained following rapid hand injec- 
tion of 10 ml. of hypaque with rapid serial 
filming, 2 per second X 4 seconds, 1 per 
second X 6 seconds, and 1 every 3 seconds 
X 9 seconds. Five minutes after completion 
of the control studv, acetvlcholine chloride 
dissolved in normal saline (30 ug./cc.) was 
infused at a rate of 1 cc./min. (3 kidneys) 
or 2 cc./min. (8 kidneys), either using an 
infusion pump or bv hand injection for a 
period of 5 minutes. As soon as possible 
after discontinuing the infusion (10-15 
seconds), repeat arteriography was per- 


formed in a manner identical to the control. 
In 2 studies, repeat arteriographies were 
performed 2 minutes following the initial 
control injection to determine the possible 
vasodilating effect of previous contrast in- 
jection. Measurements of relative arterial 
size were carried out using a ruler made by 
roentgenographing a linear grid, 25 lines/ 
cm. Collecting system opacification was 
graded arbitrarily on a subjective scale of 
O—4 (o, no or trace visualization of collect- 
ing system; 1+, less than average density 
of collecting system; 2+, average density 
of collecting system; 3+, greater than 
average density of collecting svstem; and 
4+, very dense visualization of collecting 
system). The first film of each serial run 


was used to evaluate collecting system 
opacification. 


RESULTS 


Acetylcholine infusion primarily affected 
renal artery size, renal vein appearance 
time, and collecting system opacification 
(Table 1). Effects were also noted on length 
of time of the nephrogram; however, these 
could not be quantitated. The greatest 
magnitude of change in arterial size was 
noted in the interlobar branches (Fig. 1 
A and B; and 2, 4 and B). Occasionally, 
all vessels showed similar magnitude of 

vasodilatation. More frequently, the vaso- 
dilatation was somewhat nonuniform, some 
vessels showing relatively less change than 
others (Fig. 25). In 2 cases, the interlobular 
arteries were markedly enlarged following 
acetylcholine (Fig. 25). Acetylcholine de- 
creased renal vein appearance time by an 
average of 3 seconds (Table 1; Fig. 3, 4 
and 8). The maximum density of renal 
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* From the Departments of Radiology, Clinical Center, N.I.H., Bethesda, Maryland and the Medical College of Virginia, Richmond, 
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Fic. 1. Early arterial phase illustrating generalized vasodilatation of the dorsal and interlobar renal arteries 
following acetylcholine. Comparable vessels are indicated by arrows on the control (4) and acetylcholine 


arteriograms (B). 


vein opacification was also reached earlier 
following acetylcholine administration. In 
2 cases, the maximum density (intensity of 
opacification) of the renal vein was in- 
creased compared to controls. The intensity 
of opacification of the collecting system 
was markedly reduced after acetylcholine 
infusion (Table 1; Fig. 4, /7 and B). Fre- 
quently the collecting system was not visu- 
alized after 5 minutes of acetylcholine in- 
fusion. The nephrogram always cleared 
more rapidly following acetylcholine infu- 
sion; however, the filming was not carried 
out long enough to observe the absolute 
time of complete clearance of either acetyl- 
choline or of the control renal arteriograms. 
'The maximum density of the nephrogram 
was slightly less following acetylcholine in 
3 of the 8 cases, with no change in the 
others. Renal size (length) increased by an 


average of 2 mm.—a 1.5 per cent increase 
in size following acetylcholine. 

The 3 cases of infusion at a rate of 30 
ug./min. (1 cc./min.) were not included in 
the data tabulated in Table 1. In these 
cases, the catheter had three side holes. In 
one case, all the dorsal interlobar and 
capsular branches were enlarged to ap- 
proximately 35 per cent over the control, 
and there was early opacification of the 
renal vein and early clearing of the nephro- 
gram. In the second, t or 2 interlobar vessels 
and the capsular vessels were increased in 
size without other changes. In the third 
case, there was an error in infusion which 
resulted in approximately 15 ug./min. in 
fusion with no changes in comparison to 
the control arteriogram. 

In the studies in which repeat arteriog- 
raphies were performed 2 minutes after the 
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Fic. 2. The vertical arrows indicate interlobular arteries which are dilated on the acetylcholine arterio- 
gram (5) as compared to the control (4). The remaining arrows indicate comparable interlobar arteries 
which are not uniformly dilated—a more usual finding than generalized dilatation as illustrated in Figure 
1, The vessels marked by horizontal arrows illustrate two comparable vessels with little dilatation, 
whereas the other comparable vessels indicated by arrows show average dilatation. 


control study to evaluate the vasodilating 
effect of successive contrast injections, no 


changes were noted in renal arterial size 
or in appearance time of the renal vein. 

There were no side effects noted during 
or after the acetvlcholine infusions. 


DISCUSSION 


The experimental results are consonant 
with the direct measurements by Harvey? 
and others demonstrating the potency of 
intrarenal arterial acetylcholine as a vaso- 
dilator, the present observations of increase 
in arterial size, early renal vein appearance 
time, and faster washout of the nephrogram 
—all compatible with a vasodilating effect 
of acetvlcholine.*^* The major differences 
in the method used in this studv, as com- 
pared to an earlier one, are related to mode 
of administration and total dose of acetyl- 
choline.’ It is not certain whether the ob- 
served vasodilating effects in the present 
study are due to increased total dose (ap- 
proximately § times that in previous study) 
or due to a sustained mode of administra- 
tion over a least § minutes. With respect to 
dose, observations by Dollery e 4/? sug- 


gest that there is an optimal dose range 
above which the effects decrease. This was 
the dose selected (£o ug./min.).? In other 
studies, doses as high as 230 ug./min. have 
been reported to be effective.” The work of 
Astróm ef al., however, suggests that high 
concentrations of acetylcholine can actu- 
ally cause vasoconstriction.) Further stud- 
ies will be necessary to establish whether 
or not increasing the dose will give even 
more marked vasodilating effects. The use 
of a single bolus injection of the vasodilat- 
ing substance had been satisfactory in pre- 
vious studies with dogs, and in humans 
using bradykinin;?? however, most experi- 
ments with acetvlcholine, where a vaso- 
dilating action had been observed, have 
been performed using sustained adminis- 
tration. For this reason, sustained infusion 
was utilized in the present study. 

The finding of nonuniform vasodilata- 
tion of the interlobar arteries may be re- 
lated to several factors. First, and probably 
more important, is the rate of infusion 
which at 2 cc./min. may be slow enough to 
allow nonuniform perfusion of the renal 
vascular bed by the acetylcholine. The 
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TABLE I 


Intra-Arterial Acetylcholine in Renal Arteriography 


EFFECT OF INTRARENAL ARTERIAL ACETYLCHOLINE ON RENAL ARTERIOGRAMS IN HUMANS 














Renal Artery Size 


Per Cent Increase 


Per Cent Increase 
(average) 
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observation, in one experiment, where the are different thresholds of response to ace- 
infusion rate was only 1 cc./min., of iso- tylcholine by different segments of the 
lated dilatation of branches of the dorsal renal vascular bed. In the presence of cer- 
renal artery would tend to support this. tain tvpes of focal disease such as pyelo- 
Another possibility would be that there nephritis or renal infarction, one might an- 


lic. 3. The arrow indicates a well opacified renal vein 3} seconds after onset of injection on acetylcholine 
side (B). On the control side (4), there is beginning of faint visualization of renal vein (arrow). 
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Fic. 4. There is marked increase in density of the collecting system on the control side (4) as compared to 
the acetylcholine side (B). The roentgenograms are the first of a series of the control and acetylcholine 
arteriograms, respectively. 


ticipate regional differences in response to 
acetylcholine; however, in the patients 
studied there was no history information 
and no morphologic abnormality in the 
intravenous pyelogram to suggest under- 
lying disease in the areas where less vaso- 
dilatation was observed. 

The interlobular vessels were clearly 
enlarged in only 2 cases. From the results 
In previous dog studies, it was anticipated 
that this finding would be more frequently 
observed. In the dog studies, relatively 
greater amounts of contrast material were 
injected (0.4 cc./kg.) and serial filming was 
carried out at higher speeds (4 per sec- 
ond).^? Because of their smaller size, the 
interlobular arteries are never well opaci- 
fied. Also, the period of discrete opacifica- 
tion is quite short, possibly related to the 
rapid obscuration of these vessels bv the 
cortical nephrogram. For these reasons, the 
use of relatively larger amounts of con- 
trast material or contrast material of 


higher iodine content and; or higher speed 
filming, as in the dog studies, might allow 
more frequent observation of changes in 
the interlobular arteries. 

Although, as has been discussed previ- 
ously, there may be several explanations 
for early renal vein opacification, the ob- 
servation of earlier renal vein appearance 
time and, in some cases, more intense opaci- 
fication of the renal vein, is again generally 
consistent with increased renal blood flow 
secondary to a vasodilating effect of ace- 
tylcholine on the renal vascular bed.* 

The decreased density of the collecting 
system 1s consistent with the observations 
of Earley and Friedler* that acetylcholine 
causes a marked natriuresis and diuresis. 
The latter would allow dilution of contrast 
material in the collecting system account- 
ing tor the observed decreased density. 

The exact mechanism accounting for the 
natriuresis and diuresis is not clear. It has 
been suggested that these changes may be 
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related to alterations in regional renal flow 
with relative increase in medullary flow.* $ 
Previous work in dogs suggested that vaso- 
dilators did cause regional alteration in 
opacification of the kidney, but this type 
of change was not observed in the present 
study.® It is possible that alterations in 
collecting system density represent the 
effect of regional alterations in flow; how- 
ever, the changes in flow, as represented by 
alterations in density of different segments 
of the early nephrogram, may be too small 
in magnitude to be recognized by the pres- 
ent arteriographic techniques. It is possible 
that the use of larger amounts of contrast 
agent might accentuate these changes. 

The more rapid washout of the nephro- 
gram is consistent with a diuresis diluting 
the contrast material in the tubules. The 
portion of the nephrogram due to contrast 
material in peritubular capillaries, although 
small, would also be diminished by dilution 
secondary to increased renal blood flow. 

The dosage of acetylcholine used in the 
present study is approximately 1/1,000 the 
parenteral dose noted to cause minimal 
side effects in man? There are, however, a 
small number of individuals (1 in 2,500) 
who lack serum cholinesterase and who 
may react adversely to relatively small 
amounts of acetylcholine.!? There is a rela- 
tively simple chemical test which can indi- 
cate these individuals, and the use of this 
test might be considered in any large 
scale study utilizing acetylcholine.” 

It is difficult to speculate on the poten- 
tial value of this or other vasodilators as 
an adjunct to renal arteriography; how- 
ever, there are a number of types of renal 
disease where present arteriographic tech- 
niques are relatively unsatisfactory. It 1s 
possible that quantitative or qualitative 
differences in some of the parameters al- 
ready observed in normals (arterial dilata- 
tion, renal vein appearance time, collecting 
system opacification, nephrogram washout 
time) might allow better evaluation of 
degree of abnormality and/or irreversibil- 
ity in malignant arteriolar sclerosis or 
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better evaluation of early signs of rejection 
in patients with renal transplants. It is 
also possible that in certain types of 
avascular tumor or inflammatory disease, 
vasodilators might accentuate difterences 
between normal and abnormal vessels. 
Finally, optimal arteriographic changes 
with vasodilators may depend on their use 
in conjunction with other drugs such as 
angiotensin.‘ Further studies are being 
planned which hopefully will answer some 
of these questions. 


CONCLUSIONS AND SUMMARY 


The intrarenal arterial administration 
of acetylcholine at a rate of 60 yg./min. 
for a sustained period causes significant 
changes in the renal arteriogram in normal 
humans. These changes include arterial 
dilatation, particularly of the interlobar 
arteries, earlier appearance time of the 
renal vein, decreased opacification of the 
collecting system, and earlier washout of 
the nephrogram. These changes are con- 
sistent with a vasodilating effect of acetyl- 
choline. 


T. A. Freed, M.D. 

Department of Diagnostic Radiology 
Clinical Center, N.I.H. 

Bethesda, Maryland 20014 
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“HERE are a number of diverse dis- 
eases of the kidney which are prin- 
cipally manifested by cyst formation. 
These conditions differ in natural history 
and the mode of treatment; therefore, it 1s 
important to make an accurate diagnosis. 
In the clinical situation, since pathologic 
material is not readily available, particular 
use can be made of diagnostic roentgenol- 
ogy in the study of these conditions. The 
purpose of this paper is to propose a utili- 


tarian classification of the cvstic diseases of 


the kidney on the basis of their roentgen- 
ographic appearance. The gross and micro- 
scopic studies are correlated with the 
roentgenologic anatomy seen on pvelog- 
raphv. 

Reflecting the complexity of renal 
organogenesis, 4 types of cystic disease may 
be distinguished.":!4 Each varies in distri- 
bution and in the nature of the principal 


disturbance leading to the formation of 


cysts. Each, therefore, is characterized by 
different functional alterations which are 
manifested in excretory urography. 

In the frst type there is hyperplasia and 
generalized dilatation of the collecting 
tubules with normal glomeruli and convo- 
luted tubules, henceforth referred to as 
nephrons. The appearance of contrast 
material in these dilated tubules during 
intravenous pyelography indicates that 
they are continuous with functional neph- 
rons. The second type is characterized by 


cystic dilatation of the terminal portions of 


collecting tubules, and complete or nearly 
complete nephron agenesis. Accordingly, 
the diseased areas are nonfunctional in 
pyelography, and the contour of the kidney 


is often abnormal. The ¢hird type is dis- 
tinguished by cyst formation in the neph- 
rons as well as the collecting tubules. The 
distribution of the lesion is such that nor- 
mally formed and functioning tissue 1s 
intermixed with dilated and functionless 
structures. Thus the cysts can be seen 
distorting and displacing the renal pelvis, 
cortex, and calyces. In the fourth type the 
dominant findings on pyelography are 
marked hydronephrosis and hydroureter 
due to lower urinary tract obstruction. It 
is presumed that increased hydrostatic 
pressure in the developing ureter, renal 
pelvis and tubules interferes with normal 
differentiation and produces the character- 
istic microscopic finding of subcapsular 
cyst formation found in these kidneys. 

[n Table 1 the classification of cystic dis- 
eases is summarized. The entities are 
grouped according to the dominant feature 
displayed by intravenous pvelography. The 
relevant embrvologic and pathologic 
anatomy follows, with emphasis on its rela- 
tionship to the differential roentgeno- 
graphic appearance. 


TYPE I. CONTRAST MATERIAL IN 
DILATED COLLECTING TUBULES 

The characteristic roentgenographic 
finding is dilated collecting tubules which 
fll with contrast material during 
veneous pyelographv. 

Three diseases are discussed which are 
differentiated by age and manner of presen- 
tation. 

Infantile Sponge Kidney (hamartomatous 
cystic kidney, rien sponge, microcystic kid- 
nevs, polycystic kidneys of the newborn). 


intra- 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D.C., September 26-29, 1967. 
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TABLE I 


CLASSIFICATION OF CYSTIC DISEASE OF THE KIDNEY 





Type I. Contrast Material in Dilated Collecting 

Tubules 

Infantile sponge kidney (hamartomatous kidney, 
polycystic kidneys of the newborn, microcystic 
kidney disease) 

Medullary sponge kidney 

Renal tubular ectasia with congenital hepatic fibrosis 


Type II. 
kidney; Contour Changes in Renal Out- 
line and Collecting System 

Multicystic kidney 

Hypoplastic (dysgenetic) cvstic kidney 

Multilocular cvsts 

Simple cysts 

Hereditary medullary 

nephronophthisis) 


cystic disease (Juvenile 


Type HT. Deformity of Renal Pelvis and Calyces by 
Cysts Intermixed with Normally Func- 
tioning Tissue 

Adult polycystic kidneys 

Tuberous sclerosis 

Type IV. Small Cortical and/or Medullary Cysts 
Secondary to Distal Urinary Tract 
Obstruction 

Posterior urethral valves 

Other obstructions in urethra 

Urethral obstruction 





This rare variety of cystic disease has oc- 
curred in siblings but usually is sporadic." 
Death commonly occurs shortly after birth 
but occasionally a patient lives several 
months or years (Fig. 1,7). The pvelogram 
shows large kidnevs with irregular cortical 
surfaces. Throughout the kidnevs, contrast 
material is seen as fuzzy striations within 
dilated collecting tubules. These tubules 
are seen on the cut surface of the kidney 
(Fig. 1, B and C). On microdissection,” 
cystic dilatation and hyperplasia in the 
earliest-formed collecting tubules is most 
extreme, and is least extreme in the later- 
developed collecting ducts. Since the lining 
cells are cuboidal and not flattened, no 
element of obstruction is postulated as a 
cause of the dilatation. The glomeruli and 
convoluted tubules are normal. Although 
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Nonfunction Throughout or in Part of 
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other urologic malformations are rare, 
cystic changes are usually found in the 
liver and occasionally in the pancreas and 
ovaries.!° In this regard the infantile 
sponge kidney is similar to adult polycystic 
disease but is clearly differentiated by its 
distinct pyelographic picture, histology and 
clinical course. 

Medullary Sponge Kidney is usually 
recognized in the adult; however, the dis- 
ease may present in childhood (Fig. 2, / 
and 5). Only the kidneys are involved and 
no familial tendency is noted. The major 
collecting ducts of the renal pyramids are 
dilated and intravenous contrast material 
collects in them to create a spray-like ap- 
pearance radiating from the calvces. The 
contrast material often remains in the di- 
lated tubules longer than in the calvceal 
system; a fact which helps differentiate 
medullary sponge kidney from pyelolym- 
phatic and pvelovenous backflow.® The 
dilated tubules rarely fill during retrograde 
study. The kidneys are of normal size and 
contour. Although other portions of the 
nephron may be dilated, the pyelogram 
only reveals the dilated collecting tubules 
of the renal papilla (Fig. 2C). This entity 
typically presents in the adult with urinary 
tract infection, colic, and hematuria. On 
plain roentgenograms, minute calcifications 
can occasionally be seen in the dilated 
ducts of the papilla. 

Renal Medullary Tubular Ectasia with 
Congenital Hepatic Fibrosis. This is a he- 
reditary disorder which usually presents as 
bleeding esophageal varices in a young 
child" ns 4). Intravenous pv elography 
(Fig. 3B) « lemoustiates tubular dilatation 
in the medullary portion of large smooth 
kidneys which is similar to that seen in 
adult medullary sponge kidney.’ No calci- 
fication has been noted in the ectatic 
tubules, probably because of the relatively 
short duration of the process. In the liver 
there 1s bile duct dilatation and fibrosis of 
the elements in the portal triad leading to 
portal hypertension which is ultimately the 
cause of death. 
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Fic. 1. (4) In this tomogram during ex- 
cretory pyelography of a g month old 
girl, note the ill defined streaks of con- 
trast material in the collecting tubules 
of an enlarged kidney. (B) The child 
died at 3 years of age of renal insufh- 
ciency. On the cut surface of the gross 
specimen are seen the dilated tubules 
extending to the margin of the kidneys. 
This picture is characteristic of infan- 
tile sponge kidney. In addition, scar- 
ring is present from chronic pyelone- 
phritis. (C) This specimen is from a 
newborn who died shortly after birth. 
The sponge like effect of the dilated 
hyperplastic collecting tubules is similar 
to that seen in B without the secondary 
changes of chronic pyelonephritis. 





lic. 2. (4) Plain roentgenogram of the abdo- 
men of a § year old boy with renal colic and 
hematuria. Calculi are seen in the region of 
the papillae. No tubular defects were pres- 
ent. Serum calcium and phosphorus were 
normal. (8) During intravenous pyelogra- 
phy, contrast material fills the dilated col- 
lecting ducts which contain the calcified 
stones. (C) This pyelogram of an adult male 
was obtained because of microscopic hema- 
turia. The contrast material is evident in the 
collecting ducts of the medullary papilla, 


giving a spray-like appearance. 
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Renal Cystic Disease 


lic. 3. (4) This 5 year old boy presented with asymptomatic hepatosplenomegaly. Gross esophageal varices 
were present. (B) Although he had no urinary problem, intravenous pyelography was performed. The 
pyelographic picture of renal tubular ectasia is indistinguishable from adult medullary sponge kidney ex- 
cept that no calculi are present (reported in Kadzology.*) 


TYPE II. NONFUNCTION THROUGHOUT 
OR IN PART OF KIDNEY; CONTOUR 
CHANGES IN RENAL OUTLINE AND 

COLLECTING SYSTEM 

The conditions grouped under this head- 
ing are varied in degree of involvement and 
appearance but have in common cyst for- 
mation in areas of nonfunction by pyelo- 
graphic study, increased connective tissue 
about cystic areas, and decreased number 
of nephrons. The names given to the en- 
tities usually describe their gross appear- 
ance. 

Multicystic Kidney. In this disorder 
numerous cysts of varying sizes united by 
connective tissue replace the normal kidney 
architecture (Fig. 4/7). In a recent review 
of cystic disease this entity is considered a 
severe form of renal dysplasia.’ The entire 
kidney does not visualize during intra- 
venous pyelography (Fig. 48). The renal 


pelvis and calyces are often not discernible 
in the gross specimen. Since the ureter is 
often rudimentary or atretic, no filling 
occurs during retrograde study. 

Usually only one kidney is multicystic, 
but the other kidney may also be multi- 
cystic or exhibit other abnormalities such 
as hydronephrosis secondary to uretero- 
pelvic or ureterovesical obstruction and 
hypoplasia (Fig. 4C). Generally the multi- 
cystic kidney presents as an abdominal 
mass in an infant, although it may remain 
undiscovered until adulthood. Congenital 
abnormalities have been described in other 
organs but these are not cystic. No family 
tendency is noted. 

Renal Hypoplasia (dysplasia) is a failure 
of the normal ditferentiation processes in 
the kidney and 1s commonly associated 
with other malformations of the urinary 
tract. The parenchyma is distorted bv 
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l'1G. 4. (4) The entire multicystic kidney is re- 
placed by innumerable cysts of varying sizes. 
No functioning tissue is present and the renal 
pelvis is not identified. The ureter is atretic. 
(B) This excretory urogram on a neonate was 
performed because of a large right flank mass. 
The opposite kidnev in this case functioned 
well and 1s normal on pyelography. (C) In this 
newborn the right kidney was multicystic. 
The left kidney is dysplastic with poorly de- 
fined calyces. 


masses of fibrous tissue and cysts of varying 
size. The kidney is small and somewhat 
lobulated by cortical cysts (Fig. 54). The 
involvement of the kidney may be only 
partial.^'^ Histologic examinations show 
immature renal elements, smooth muscle, 
and cartilage amidst the cystic renal struc- 
ture. On pyelography the dysplastic kid- 
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neys may be indistinguishable from the 
contracted kidneys of chronic pyelonephri- 
tis. In many examples of unilateral involve- 
ment there is sufficient function to give 
adequate visualization on intravenous pye- 
lography, but in bilateral involvement 
retrograde filling is almost always required 
to demonstrate the small spider-like pelvo- 
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Renal Cvstic Disease 


ic. 5. (4) The gross specimen of renal dysplasia is smaller than the normal kidney. Much connective tissue 
is present about the cysts on the cortical surface. When the kidney is involved to this extent, little or no 
function is seen on the pyelogram. (B) In a child with renal failure this retrograde study of a hypoplastic 
kidney reveals a small renal outline and only mild distortion of the calyces. The kidney did not visualize 


during intravenous study. 


infundibular structures and 
blunted calyces (Fig. 55). 

Multilocular Cysts are uncommon in all 
age groups and may present as a palpable 
renal mass. Pyelography demonstrates a 
mass compressing normally functioning 
renal tissue (Fig 67). The distortion of the 
pelvis or calyces can be so marked that in 
children a multilocular cyst may mimic a 
Wilms’ tumor. Nephrotomography may 
show connective tissue septa within the 
cyst. These can also be demonstrated by 
the injection of contrast material into the 
cyst (Fig. 65). 

Simple Cysts may be located in any por- 
tion of the kidney but are most often seen 
in the lower pole.? These are often asymp- 
tomatic or may present as a flank mass. 
Simple cysts vary greatly in size and may 
be single or multiple. The pyelogram shows 
contour abnormalities in the renal outline 


distorted, 


and no effect on the pelvis and calyces it 
the cyst is peripheral and projects out from 
the kidney. If the cyst remains intrarenal 
there is distortion of a part of the collecting 
system (Fig. 7). Differentiation from tumor 
is often not possible by intravenous pyelo- 
graphy, but nephrotomography and se- 
lective renal arteriography usually are bet- 
ter able to define the gross appearance. 
Uremic Medullary Cystic Disease (cystic 
disease of renal medulla, familial juvenile 
nephronophthisis). The insidious course ot 
this hereditary disorder is characterized 
by anemia, growth retardation, polyuria 
and renal failure.’ During the terminal 
phase in children and young adults, the 
urinalysis 1s relatively normal except for a 
low specific gravity.'? The mode of inheri- 
tance may be different in the juvenile form 
from the form presenting in the adult age 
group.'® The kidneys are small with some 
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liG. 6. (4) A mass lesion is seen in the upper pole of the left kidney. It distorts the collecting system during 
excretory pyelography. No function was seen in the area of the cyst during the nephrogram phase. (B) The 
upper pole lesion was injected percutaneously with contrast material and air. The septa within the cvstic 
cavity demonstrate the characteristics of a multilocular cyst. 


medullary cysts visible grossly on cut sec- 
tion and others seen only microscopically 
(Fig. 88). A few cysts are scattered in the 
thinned cortex. The cysts are mainly de- 
rived from the loops of Henle and the col- 
lecting tubules. Much fibrosis surrounds 
the cysts and the glomeruli. No visualiza- 
tion occurs during intravenous pyelog- 
raphy because the kidney cannot concen- 
trate the contrast material. Occasionally 
these medullary cysts communicate with 
the renal pelvis and fill during retrograde 
pyelography (Fig. 8.7). 

Peripelvic Cysts are discussed in Type 11 
because of their pyelographic appearance. 
However, there is no increase in the con- 
nective tissue elements. Lymphatic ectasia 
or cyst arising 1n embryonic rests about the 
renal pelvis have both been suggested as 
the origin of these uncommon cysts. In ex- 
cretory and retrograde pyelography the 


peripelvic cyst compresses and distorts the 
renal pelvis and a radiolucent crescent of 
hilar fatty tissue may outline the cyst. 
No functioning or opacified renal tissue 
surrounds this cyst on nephrotomography. 


TYPE III. DEFORMITY OF THE RENAL 
PELVIS AND CALYCES BY CYSTS 
INTERMIXED WITH NORMALLY 

FUNCTIONING TISSUE 


The pyelograms of this group demon- 
strate distortion of the collecting system bv 
cysts which are within functioning renal 
parenchyma. The cysts also may produce 
lobulations of the kidney contour. Adult 
polycystic disease of the kidney and tu- 
berous sclerosis, although completely differ- 
ent In pathogenesis, are grouped under this 
type because of their similar pyelographic 
appearance. 

Polycystic Disease of the Kidney (adult 
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polycystic disease). It 1s generally agreed 
that this type of cystic disorder is trans- 
mitted as an autosomal dominant trait. 
There is much discussion concerning the 
possible relationship of adult polvcystic 
disease to infantile sponge kidney disease. 
There is, however, a definite difference 1n 
the excretory pyelogram (Fig. 1,7; and 94), 
and in the gross (Fig. 15; and 95) and 
microscopic pathologv. In the adult form 
of polycystic disease, the calyces and in- 
fundibula are elongated and stretched over 
cvstic structures. The nephrogram phase 
of the examination (Fig. gD) shows func- 
tioning parenchyma throughout with lu- 
cencies in the areas of the cysts. Renal ar- 
terial studv (Fig. 9C) shows displacement 
and stretching of the smaller vessels. The 
disorder typically does not produce symp- 
toms until the third decade, but examples 
of this pyelographic appearance have been 
seen in infancy (Fig. 9E). A pyelogram 1s 
obtained in these infants because of a 
family history of bilateral flank masses. 
There is a significant association between 
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a 


Fic. 7. A large simple cyst occupies the lower pole of 
the right kidney. It impresses the lower portion of 
the collecting system. 


lic. 8. (4) This is a retrograde pyelogram on a 30 year old man who presented with anemia and renal failure 
vet had a normal urinary sediment. No function was seen on intravenous pyelography because of the poor 
concentrating ability of the kidney. The retrograde pyelogram filled one of the large medullary cysts. (B) 
The cut surface of a specimen of medullary cystic disease shows most of the cysts concentrated at the medul- 


locortical junction. A few are present in the cortex. 
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l'1G. 9. (4) This intravenous pyelogram demonstrates the stretching and splaying of the collecting system 
about the many cysts in an adult polycystic kidney. (B) Numerous cysts of varying sizes are seen through- 
out the renal parenchyma of enlarged kidneys. (C) Selective renal artery injection of the right kidney of 4 
shows the vessels to be stretched by the cysts. (D) Nephrogr aphic phase of the study shows the many lucent 
cysts within functioning renal tissue. 


polycystic kidneys, polycystic liver and bone, heart, and lunes. Cystic mesodermal 
congenital aneurysms of the cerebral circu- tumors of the kidneys are found in so—8o 
lation.! per cent of the cases of tuberous sclerosis.’ 

Tuberous Sclerosis (Bourneville’s disease) ‘The masses of abnormal tissue, angiom yo- 


is an hereditary disease which may involve lipomas and hamartomas are found pri- 
many organs, e.g., the brain, kidneys, skin, marily in the renal cortex but may extend 
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into the medullary portion." Urography 
shows space-occupying lesions displacing 
and stretching the renal collecting system 
(Fig. 10). The kidneys are large and their 
roentgenographic density may not be 
homogeneous because of the large amount 
of fatty tissue within the masses. These 
areas of radiolucency may help distinguish 
tuberous sclerosis from adult polycystic 
disease. Arteriography,? however, is more 
helpful in separating the entities. Poly- 
cystic disease has a relatively avascular 
pattern, whereas tuberous sclerosis has a 
hvpervascular pattern which can be con- 
fused with hy pernephroma. 


TYPE IV. SMALL CORTICAL AND/OR 
MEDULLARY CYSTS SECONDARY TO 
DISTAL URINARY TRACT 
OBSTRUCTION 


The common denominators of this last 
group of cystic disorders are their patho- 
genesis and lower urinary tract obstruction 
during renal development. Intravenous 
pyelography usually demonstrates dilated 
renal collecting systems and ureters. If the 
obstruction occurs early in development, 
the kidney may be small with cyst forma- 
tion throughout. The extent of cyst forma- 
tion must be determined by gross and mi- 
croscopic examination. Posterior urethral 
valves are the most common congenital 
cause of obstruction in the distal urinary 
tract in males. Primary bladder neck 
obstruction is much less frequent. The de- 
gree of cyst formation is dependent on the 
extent and time of appearance of the lower 
urinary obstruction during embryologic 
development.®:!* The increased pressure 
within the bladder, ureter and renal pelvis 
is presumed to damage the differentiating 
nephrons (Fig. 114). If this pressure is ex- 
erted late in development, mild cystic 
dilatation of the last formed Bowman's 
spaces will be noted; but if the obstruction 
occurs earlier, many entire nephrons and 
collecting ducts will be cystic. The usual 
microscopic picture is one of subcapsular 
cyst formation (Fig. 115). Excretory urog- 
raphy reveals the gross hydronephrosis and 
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Fic. 9. (E) Bilateral flank masses were felt in this 
newborn girl. Excretory urogram showed large 
renal shadows with calyces distorted by numerous 
cysts. There was a family history of adult poly- 
cystic kidney disease. 


è 


l'1G. 10. An intravenous pyelogram in a patient with 
tuberous sclerosis shows the distorted collecting 
system characteristic of Type 11. The masses are 
usually angiolipomas or hamartomas. 
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hic. 11. (4) Obstruction to the bladder outlet by posterior urethral valves resulted in hypertrophy of the 
bladder, hydroureters and hydronephrosis. Multiple cysts on the surface of the kidneys are present. This 
specimen is from a 1 month old infant who died of renal failure. (B) The subcapsular cysts common in con- 
genital lower urinary tract obstruction are demonstrated in this photomicrograph. Much normal appearing 
cortical tissue is present, thus the obstruction occurred late in development. (C) In another male infant the 
valves are reflected by the dilatation of the posterior urethral, hypertrophied bladder and bilateral reflux 
into the dilated upper collecting system during voiding cystogram. 


hydroureters. Voiding cystography (Fig. renal cystic disease is presented. The dis. 


LIC) is often necessary to demonstrate the ease entities are grouped into 4 types de 


level and nature of the obstruction. pending upon their pyelographic features. 
[In Type 1 the contrast material can be 
seen in dilated collecting tubules. 

A new roentgenographic classification of In Type 11 no functioning renal tissue is 


SUMMARY 
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present in the area of cyst formation 
which may involve only a portion of the 
kidney. The cysts may distort the renal 
outline and collecting system. 
Type ur is characterized by cyst forma- 
tion intermixed with areas of functioning 
tissue. Pyelography shows distortion of 
the collecting system by the multiple 
cysts. 
In Type iv the actual small cysts are not 
demonstrated by pyelographic study, 
but the obstruction of the lower urinary 
tract is shown by cystography. 
The cystic disorders are briefly discussed, 
correlating the roentgenographic findings 
with the pathologic anatomy. 


Herman Grossman, M.D. 

Department of Radiology 

The New York Hospital—Cornell Medical Center 
525 East 68th Street 

New York, New York 10021 


The authors wish to express their thanks 
for permission to use the following illustra- 
tions: Fig. 1,7 (Drs. Baker and Berdon); 
Fig. 1B (Drs. Blanc and Wiggers); Fig. 25 
(Dr. J. Robinowitz); and Fig. 6 (Dr. J. 
Becker). 
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ANGIOMYOLIPOMA OF THE KIDNEY* 
DIAGNOSTIC ROENTGENOGRAPHIC FINDINGS 


By KOLAR N. SESHANARAYANA, M.D., and THEODORE E. KEATS, M.D. 


CHARLOTTESVILLE, VIRGINIA 


HE appearance of renal angiomyo- 

lipoma may be sufficiently. character- 
Istic to permit diagnosis from roentgeno- 
graphic findings. This report presents 
patients with this neoplasm illustrating the 
essential roentgenographic features. 


^ 


PATHOLOGY 


The renal angiomyolipoma is a benign 
neoplasm which may be of 2 tvpes.! The 
first is the form associated with tuberous 
sclerosis. This type is apt to be asympto- 
matic, bilateral 1n occurrence and small in 
size.^! The second type is the solitary form 
which occurs in females between the fourth 
and sixth decades and is usually sympto- 
matic. In both forms, fat is the predomi- 
nant tissue but muscle and vascular ele- 
ments are also present.’ Symptoms, when 


present, are usuallv those of pain related to 
the presence of a mass. Hematuria mav oc- 
cur. The larger tumors mav rupture and re- 
sult in bleeding into the retroperitoneal 
space.” Some patients exhibit spiking 
fever which may lead to suspicion of a 
renal or perirenal abscess. 


REPORT OF CASES 


Case 1. This patient, a so year old Negro 
male, was admitted to the Norfolk General 
Hospital complaining of pain in the left flank 
and hematuria. On physical examination, a 
mass was found in the left upper quadrant. A 
scout roentgenogram of the abdomen showed a 
large, fairly well circumscribed area of radio- 
lucency in the left upper quadrant of the abdo- 
men, with poor definition of the renal shadow 
(Fig. 174). urography demon- 
strated the lucent mass to better advantage 


Intravenous 


hic. 1. Case 1. (4) Scout roentgenogram of the abdomen shows a large area of mottled radiolucency in the 


left upper quadrant (arrows). (B) Anintravenous urogram shows inferior displacement of the left kidnev b 
pł : 


the lucent mass, which is in continuity with a left renal capsule (arrows). 


From the Department of Radiology x University of Virginia School of Medicine, Charlottesville, Virginia. 
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and, in addition, revealed inferior displacement 
of the kidney. The lucent mass appeared to lie 
in continuity with the kidney (Fig. 1B). The 
patient's hematocrit dropped from 44 per cent 
to 33 per cent over the next 24 hours. His 
abdomen was explored and a left nephrectomy 
performed. A large left renal tumor was found 
which had ruptured and had resulted in a large 
perirenal hematoma. Histologic examination of 
the neoplasm showed it to be an angiomyo- 
lipoma. The tumor contained a large amount of 
fat. Later investigation of this patient indicated 
that he had tuberous sclerosis. 


Case u. This s4 year old white diabetic 


Angiomvolipoma of the kidney 


woman was admitted with a history of fever 
and vomiting of 3 weeks' duration. She had 
lost 30 pounds in the preceding 3 to 4 months. 
The patient was anemic and appeared chroni- 
cally ill. On physical examination, resistance to 
palpation was encountered in the right mid- 
abdominal area. 

A scout roentgenogram of the abdomen 
showed a large lucent mass overlying the upper 
pole of the right kidney (Fig. 2/7). Intravenous 
urography demonstrated marked inferior dis- 
placement of the right kidney (Fig. 2B). Ab- 
dominal aortography revealed the blood supply 
to the neoplasm to be derived from the right 
renal artery and lumbar vessels. No pathologic 


lic. 2. Case 11. (4) Scout roentgenogram 
of the abdomen shows a large area of 
mottled radiolucency in the right upper 
quadrant (arrows). The right kidney 1s 
displaced medially and inferiorly. (B) An 
intravenous urogram demonstrates rota- 
tion and deformity of the right kidney on 
a vertical axis. (C) Aortogram shows 
extensive blood supply to neoplasm from 
renal and lumbar arteries. Arrows indi- 
contribution from renal 


cate artery. 
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vessels were seen (Fig. 2C). Exploration showed 
a large renal mass which had vellowish nodular 
areas on its surface. The junction between the 
neoplasm and the kidney parenchyma was 
narrow. Nephrectomy was performed and the 
histologic examination showed  angiomyoli- 
poma. 


DISCUSSION 


Renal angiomyolipomas, which contain 
large amounts of fat, can be diagnosed on 
plain roentgenograms by virtue of their 
striking radiolucency. This diagnosis is 
substantiated by their apparent incorpora- 
tion in the renal outline and by evidence of 
renal displacement and pressure deformity 
of the collecting systems as seen in the 
intravenous urogram. The lucency of these 
neoplasms is rather mottled but does not 
simulate the bubbly appearance of a renal 
or perirenal abscess. 

The association of this neoplasm with 
tuberous sclerosis is well recognized. 
Clinically, the patients are usually females 
in the fourth to sixth decades who present 
with signs and symptoms of abdominal 
mass, flank pain and evidence of acute or 
chronic blood loss.?^? Fever and hematuria 
are less common manifestations.? 

In the differential diagnosis, one must 
distinguish. this condition from other fat 
containing neoplasms such as the retro- 
peritoneal lipoma or liposarcoma. Differ- 
entiation may be possible if one can deter- 
mine that the tumor lies within the renal 
capsule as in Case r. Where this relation- 
ship cannot be determined, as in Case 11, 
the differentiation may not be possible by 
plain roentgenography alone. However, 
renal angiography will usually demon- 
strate the renal source of blood supply to 
the tumor and will permit proper identifica- 
tion of its point of origin. 

Renal replacement lipomatosis does not 
usually produce massive enlargement of 
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the kidney as does the angiomyolipoma. 
The fat in replacement lipomatosis is apt to 
be hilar or perihilar in location and is usu- 
ally associated with other evidences of 
chronic inflammation.! 


SUMMARY 


Renal angiomyolipoma may be diag- 
nosed by plain roentgenography by virtue 
of its large size and striking radiolucency 
due to its fat content. 

Two cases are reported which illustrate 
the characteristic roentgenographic find- 
ings. 


Kolar N. Seshanarayana, M.D. 
Department of Radiology 
University of Virginia 

School of Medicine 
Charlottesville, Virginia 22901 


The authors wish to express their appre- 
ciation to Dr. Carl P. Wisoff of the Norfolk 
General Hospital, Norfolk, Virginia for his 
permission to use Case r. 
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DETECTION OF SMALL RENAL TUMORS* 


By ALICE ETTINGER, M.D., and ALAN H. ROBBINS, M.D. 


BOSTON, MASSACH USETTS 


N A recent review of 15,570 autopsies, 
a total of 100 cases of renal carcinoma 
was found, of which only one third were 
diagnosed ante mortem." The majority of 
patients with renal cancer have a poor 
prognosis. The over-all 5 year survival rate 
has been reported to be between 35 and 49 
per cent.?'5 Larger tumors have been 
associated with a lower 5 year survival in 
some series, ? and a much higher incidence 
of metastases when the primary tumor was 
first noted.? Therefore, it would seem to be 
a desirable goal to recognize renal cancers 
when they are small, when the chance of 
local extension is less," and when the 
chances of remote metastases are less. 

In many renal cancers there would ap- 
pear to be a particularly long asympto- 
matic phase. The increasing number of 
intravenous urographic studies being per- 
formed in the course of the evaluation of 
hypertensive patients or as part of a general 
check-up offers an opportunity to recognize 
mass lesions when they are still small and 
before they produce clinical symptoms. 
Once a mass lesion is detected, angio- 
graphic methods afford a highly accurate 
means of determining the nature and extent 
of the mass. 

A mass in the kidney presents on an in- 
travenous urogram in the majority of cases 
a combined deformity of the collecting 
system and the renal outline.? A smaller 
number presents with deformity of the 
collecting system or of the contour only, 
the latter having been noted very infre- 
quently.5 5:5?! There remain some excep- 
tional renal tumors that produce no ab- 
normality on the intravenous urogram.!9^? 
A recent study by Cope eż al. would indi- 
cate that tumors up to 2 cm. can defy 
recognition on intravenous urography. 

Considering these facts, one would ex- 


pect that intravenous urography should 
reveal the majority of renal masses greater 
than 2 cm. in size; however, clinical experi- 
ence has shown that even very large tumors 
have been overlooked on intravenous urog- 
raphy. The apparent reason has been the 
technical inadequacy of many intravenous 
urograms. 

The effectiveness of a proper compres- 
sion technique for obtaining a well dis- 
tended collecting system by intravenous 
urography has long ago been demon- 
strated.?3 The necessity of complete 
contour delineation has only recently been 
generally accepted. Indeed, lack of renal 
contour definition alone seems in our opin- 
ion to be a significant contributory factor 
to overlooking masses, both large and 
small. The excellent results obtained by 
some authors in showing collecting system 
detail and renal contour?!*? is not ap- 
proached in clinical practice by many 
others. 

A recent review of 200 consecutive uro- 
grams from our institution revealed renal 
contours to be completely shown on only 74 
per cent of plain roentgenograms, and only 
84 per cent of all intravenous urograms. It 
had been our custom for many years, when 
the standard technique was unsuccessful in 
defining renal contours, to supplement our 
routine examination (including supine, ob- 
lique, and prone views) with a higher dose 
of contrast material and body section 
roentgenography taken during the nephro- 
graphic phase. This afforded such signif- 
cant improvement in renal contour defini- 
tion that since 1965, we have used zonog- 
raphy*? and higher amounts of contrast 
medium routinely in intravenous urog- 
raphy. We presently use 3 cc. per pound of 
body weight (minimum of 5o cc. and maxi- 
mum of 1oo cc.) of 50 per cent sodium 


* From the Department of Radiology, Tufts-New England Medical Center Hospitals, Boston, Massachusetts. 
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FIG. 1. A 73 year old woman without any signs or symptoms referable to the urinary tract. (4) Intravenous 
urogram shows normal collecting system of the left kidney. The renal contour is obscured by gas. ( B) 


Nephrotomogram demonstrates entire renal contour with a bulge of the lateral margin (arrow). Selective 


arteriogram showed tumor vessels. 


diatrizoate* or 60 per cent methylgluca- 
mine diatrizoate.t With this method we 
have found that renal contours were com- 
pletely seen in about 97 per cent of cases. 
The intensity of the nephrozonogram com- 
pares favorably with that obtained dur- 
ing nephrotomography or infusion pyelog- 
raphy, without requiring complex planning 
or exceptionally high doses of contrast ma- 
terial. When body section roentgenography 
has not been feasible, simple nephrogra- 
phy*??* has proven to be a valuable sub- 
stitute in defining contours not otherwise 
shown. The reliability of renal contour 
visualization has been so consistent, that 
absence of any part of the contour has im- 
mediately aroused suspicion of the possible 
presence of a lesion. 

Review of material of the past 4 vears 
has shown 110 mass lesions of the kidney, of 


* Hypaque, Winthrop. 
t Renografin, Squibb. 


which 24 were primary malignant tumors. 
lwenty-one of these were large tumors 
that produced significant constitutional or 
local signs or symptoms. Many of the 21 
cases had one or more urographic examina- 
tions performed elsewhere, often several 
years previouslv. Both technical inade- 
quacy and faulty interpretation frequently 
have been the reasons for missing the di- 
agnosis. Of the 3 tumors that produced no 
symptoms, one was noted in a patient who 
developed microscopic hematuria only 
while on anticoagulant therapy. Another 
was noted in the course of evaluation of hy- 
pertension. The third was found in the 
course of a check-up examination. It is par- 
ticularly significant that the last two of 
these totally silent lesions showed no 
calyceal deformity and presented entirely 
as a bulge of the contour (Fig. 1, 4 and B: 
and 2, 4, B and C). 


Two rather large carcinomas produced 
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Fic. 2. A 47 year old man with hyperten- 
sion. (4) Nephrozonogram shows excel- 
lent visualization of the entire renal 
contour, demonstrating a bulging mass 
of the upper pole that is less intensely 
opacified than the remainder of the 
renal parenchyma (arrows). (8) Intra. 
venous urogram shows normal collect- 
ing system. The upper pole contour is 
obscured by overlying gas shadows. (C) 
Angiogram shows vascular neoplasm. 





l'1G. 3. A 69 year old woman with fatigue 
and anemia, but no localizing symptoms 
or signs referable to the kidney. (4) In- 
travenous urogram shows minimal de- 
formity of lower pole calyces and oblit- 
eration of renal contours by gas shadows. 
(B) Nephrozonogram demonstrates en- 
tire renal contour with the exception of 
the lower pole, where the contour is 
missing (between arrows). (C) Angio- 
gram reveals an enormous malignant 
tumor mass extending far beyond the 
renal confines. This case highlights the 
significance of the interruption of normal 
contours, even when delineation of the 
mass itself is not obtained. 
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FIG. 4. A 39 year old woman with weight 
loss and hip pain due to metastasis. 
(4) Nephrozonogram shows absence 
of the normal upper pole contour (be- 
tween arrows). (B) Intravenous uro- 
gram shows minimal spreading of the 
upper pole calyces. (C) Angiogram re- 
veals extremely large malignant 
tumor. 
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l'1G. 6. Asymptomatic patient. (4) Nephrozonogram shows sharp cut-off of the renal outline of the lower 
pole, and a lucent defect typical of a benign cyst. Peripheral delineation of the cvst is not apparent on the 
roentgenogram. (5) Urographic phase of the examination shows no calvceal deformity. The renal contour 


is obscured by gas. 


FIG. 5. Asymptomatic patient. A 3 minute nephro- 


zonogram shows an expanded upper pole contour 


due to a benign cyst. There is no calyceal defor- 
mity. 


calyceal deformity not readily indicative of 
a mass lesion, and were recognized initially 
only by interruptions of the normal renal 
contour (Fig. 3, 7, B and C; and 4, 4, B 
and C). The peripheral margins of these 
masses were not definable in the roentgen- 


ograms. 
Innumerable benign cvsts were found 
that produced little or no appreciable col- 
lecting system deformity. These were easilv 
recognized by their contour changes (Fig. 


FIG. 7. 


5; and 6, £ and B). They frequently de- 
marcated as nonopaque areas during the 
nephrographic phase, as has been de- 
scribed by Evans and co-workers? in classi- 
cal nephrotomographv. Approximately 60 
of the cysts were also examined by angiog- 
raphv. 

A single chronic renal abscess presented 
as an apparent solid mass, whose principal 
manifestation urographically was a bulge 
in the renal contour (Fig. 7, Æ and B). 


SUMMARY 

Detection of small renal masses is sig- 
nificantly aided by routine intravenous 
urography using higher doses of contrast 
medium in combination with body section 
roentgenography during the nephrographic 
phase. This technique provides highly re- 
liable renal contour visualization. There- 
fore, abnormal contours will be readily 
recognized. Interruption of a normal renal 
outline alone, without definite visualization 
of a mass, is also frequently of diagnostic 
significance. These contour changes will 
focus attention on masses that produce 
uncharacteristic, minimal, or even no col. 
lecting system deformity. 
Alice Ettinger, M.D. 
Department of Radiology 
New England Medical Center Hospitals 
171 Harrison Avenue 
Boston, Massachusetts 02111 
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THE RESECTABILITY OF CARCINOMA OF 
THE KIDNEY* 


ANALYSIS OF ROENTGEN SIGNS IN 63 HISTOLOGICALLY 
VERIFIED CASES 


By MELVYN H. SCHREIBER, M.D.,f and VAN E. REA, M.D.1 


GALVESTON, TEXAS 


JACI E I out of § carci- 
nomas of the kidnev, 1n our experi- 
ence, have been unresectable at operation. 
The reason usually given by the surgeon 
for inability to remove the tumor and kid- 
ney is its extension to involve adjacent 
structures. Ín an effort to determine 
whether or not unresectability was pre- 
dictable roentgenologically, we have ana- 
lyzed and compiled our data in 65 histo- 
logically verified cases. These cases were 
selected from a total of 73 cases of renal 
carcinoma (proved or suspected) seen in 
the University of Texas Medical Branch 
Hospitals between 1950 and 1967. 

Sixty-two patients were considered op- 
erable, that is, there was no evidence of 
distant metastases and no other contra- 
indication to operation. One of these re- 
fused operation; this patient and the pa- 
tient thought inoperable were later studied 
at autopsy. Sixty-one patients were oper- 
ated upon. Eleven of these, and the two 
autopsied cases, had tumors considered by 
the surgeon or pathologist to be unresect- 
able, 7.e., to have tumors which could not 
be completely removed. Thus our defini- 
tions of "operable" and “resectable” are 
based upon the opinion of the physician 
responsible for the care of the patient, 
usually a urologist, and depend upon his 
judgment, skill, experience and aggressive- 
ness. 

'The material is summarized in Table r. 
Brief comments on these results and illus- 
trations of salient features constitute the 
remainder of this report. 


SEX, RACE AND AGE 


Females were about twice as likely as 
males to have unresectable tumors, and 
Negroes were twice as likely as Caucasians 
to have tumors which could not be re- 
moved. Almost go per cent of the patients 
were over 40 years of age, but the possibil- 
ity of unresectability was distinctly higher 
in the age group 40-60 vears than in the 
others. 

Tumors were about equally divided on 
the right and left sides, but the incidence of 
unresectability on the right side was almost 
twice that on the left. This finding may 
reflect the greater difficulty in removing an 
extensive tumor on the side of the vena 
cava and liver. 


PLAIN FILM ROENTGENOGRAPHY OF THE 
ABDOMEN (KUB) 


Plain film roentgenograms of the abdo- 
men were available in all patients. In 44 
per cent no abnormality was detected, and 
the incidence of unresectability in this 
group was lower than the 21 per cent of the 
total number which were unresectable re- 
gardless of roentgenologic findings. Thus, 
a negative kidney, ureter and bladder 
(KUB) roentgenogram in a patient with 
carcinoma of the kidney diagnosed by other 
roentgenologic means may be a favorable 
sign as regards the surgeon's ability to re- 
move the tumor. 

Calcification was present in 22 per cent 
of the patients; when present, the likeli- 
hood of unresectability increased from 1 in 
s (in the total group) to about 1 in 3. A 


* From the Department of Radiology, University of Texas Medical Branch, Galveston, Texas. 
t Professor of Radiology; John and Mary R. Markle Foundation Scholar. 
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TABLE I 


CARCINOMA OF THE KIDNEY, 63 HISTOLOGICALLY PROVEN CASES 
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Total 


Male 
Female 
Negro 
White 
Right 
Left 


Age (yr.) 
O20 
20-40 
40-60 


6o4- 


Roentgenography of 
kidney, ureter, bladder (KUB) 
Negative 
Calcification 
Mass 
Calculi 
Psoas sign 
Crosses midline 


Excretory urography (IVP) 
Negative 

No or poor excretion 
Deformity 

Displacement 

Destruction 

Invasion 


Nephrotomography 
Negative 

Excretion 
Deformity 
Displacement 
Destruction 
Invasion 


Retrograde pyelography 
Negative 

Deformity 
Displacement 
Destruction 

Invasion 


Renal arteriography 
Main artery enlarged 
Abnormal vessels 
Tumor stain 

Early venous filling 
Venous obstruction 
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Tage I (continued) 

















| 
| 
| Per Cent 


Incidence of 
Unresectability 
(Per Cent) 


Number 
Unresectable 


Number 
Resectable 








Venacavography 
Normal 
Displacement 


Operation 

Autopsy 

Nephrectomy 

Biopsy 

Invasion of surroundings 


Pathology 

Renal cell carcinoma 
Papillary carcinoma of pelvis 
Carcinoma, type unspecified 
Squamous cell carcinoma 








mass could be seen in 41 per cent of the 
patients on the KUB roentgenogram; 31 
per cent of these were unresectable. Opaque 
calculi were seen in only 2 patients, and one 
of these had an unresectable tumor. Oblit- 
eration of the psoas margin on the side of 
the tumor was present in 30 per cent of the 
total number, and 37 per cent of these were 
unresectable. In 5 of the 63 patients the 
tumor could be seen to cross the midline on 
the KUB roentgenogram, and 40 per cent 
of these were unresectable. 

Thus it may be seen that ominous signs 
indicating greater possibility of unresect- 
ability on the KUB roentgenogram include 
a tumor sufficiently large that it crosses the 
midline, obliteration of the psoas margin, 
and the presence of opaque calculi. 


EXCRETORY UROGRAPHY 


Excretory urography was attempted in 
all patients, but no or very poor excretion 
was found in 20 per cent. The incidence of 
unresectability in. this. group was not 
greater than the likelihood of unresectabil- 
ity in the total group. Three of the patients 
exhibited negative excretory urograms, and 
while this is a somewhat distressing finding 
insofar as the establishment of the diagno- 
sis Is concerned, none of these patients had 
unresectable tumors. 














Roentgenologic deformity of the collect- 
ing structures was found in 75 per cent of 
the patients, and displacement of collecting 
structures was seen in 59 per cent. These 
findings did not increase the likelihood of 
unresectability. However, destruction and 
invasion of the collecting structures, found 
respectively in 21 per cent and 16 per cent 
of the cases, increased the likelihood of un- 
resectabilitv to about 1 in 3 compared to 
1 in § for the total group. 

Anteroposterior recumbent roentgeno- 
grams of the abdomen (KUB) and excre- 
tory urograms (IVP) were available in all 

3 patients. An effort was made to deter- 
mine whether or not any combination of 
findings from these two studies would ac- 
curately predict unresectability. Product 
moment correlations, step-down regression 
analvsis and multiple discriminate analvsis 
were performed. No combination of find- 
ings produced statistically significant 1m- 
provement in the ability to predict unre- 
sectability. 


NEPHROTOMOGRAPHY 


Nephrotomography was performed in 
only 8 patients. It was positive in all. All 
showed contrast medium excretion, and de- 
formity of the collecting structures was 
seen in every case. Displacement of col- 
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lecting structures was present in 75 per 
cent. Deformity and displacement of the 
collecting apparatus did not increase the 
likelihood of unresectability over that 
noted in the total number who underwent 
nephrotomography. However, destruction 
and invasion of the collecting structures 
increased the likelihood of unresectability 
substantially above that for the entire 
group and was an ominous sign in nephro- 
tomography as it was in excretory urog- 
raphy. 


RETROGRADE PYELOGRAPHY 


While it is unusual for us to perform 
retrograde pyelography for the study of 
mass lesions of the kidney, due to the ade- 
quacy of intravenous nephrotomography, 
particularly when the drip infusion tech- 
nique is employed, this review includes 
cases from some years ago, and in over half 
of the total number retrograde pyelography 
was performed. A pyelographic deformity 
was present in every case, but none of those 
specifically sought for pyelographic ab- 
normalities increased the likelihood of un- 
resectability of the tumor. In this sense, 
while retrograde pyelography was occa- 
sionally helpful in establishing the diagno- 
sis of carcinoma of the kidney, it was not 


FIG. I. 
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helpful in making a decision regarding the 
resectabilitv of the tumor. 


RENAL ARTERIOGRAPH Y 


— 


Renal arteriography was performed in 7 
patients, and the incidence of unresectabil- 
ity in this group was 43 per cent. In no 
case was the study normal. The main renal 
artery was enlarged in almost half the 
cases, and tumor vessels were seen in all. A 
tumor stain was present in 86 per cent, 
and early venous filling and venous ob- 
struction were present in a small proportion 
of cases. While renal arteriography was a 
very valuable procedure for establishing or 
confirming the diagnosis of a malignant 
neoplasm of the kidney, it was of no value 
in determining the resectability of the le- 
sion (Fig. 1, 4/-D). Indeed, in the one pa- 
tient 1n whom obstruction of the renal vein 
by tumor was correctly predicted prior to 
surgery on the basis of collateral venous 
drainage from the kidney in the late roent- 
genograms of selective arteriography, the 
tumor was completely resectable. 

Templeton and his co-workers,” report- 
ing on 25 patients with renal carcinoma in 


whom aortography was performed, found 


§ angiographic findings commonly associ- 
ated with inoperability or unresectability. 


(4—D) Selective right renal arteriograms. Selected frames from the sequence of serial films show, from 


left to right, filling of abnormal vascular spaces in a large malignant neoplasm. There is pronounced ar- 
teriovenous shunting, and in the frame to the far right (D) filling of the inferior vena cava can be seen. 





VoL. 104, No. 2 


These were (1) tumor size of 10 cm. or 
greater, (2) enlarged renal artery to the 
tumor, (3) occlusion of the renal vein, (4) 
demonstration of unsuspected metastases, 
and (5) lumbar arteries supplying the tu- 
mor. We have not been able to verify the 
predictive value of these signs in our pa- 
tients studied angiographically. 


VENACAVOGRAPHY 


Venacavography was performed in 3 pa- 
tients and was normal in 2. The tumor in 
both of these was resectable (Fig. 2, 7 and 
B). The vena cava was seen to be displaced 
in one, and the tumor in this patient was 
unresectable (Fig. 3, 7-C). From this tiny 
series it appears that displacement (and 
presumably invasion and obstruction) of 
the vena cava is a reliable sign of unre- 
sectability. 

Venacavography was performed in sev- 
eral other patients and showed what we 
believed to be tumor invasion of the vena 
cava (Fig. 4, 7 and B). These were not 
operated upon for a variety of reasons and 
the diagnosis was not established histo- 
logically. They have therefore been ex- 
cluded from this series. 


DISCUSSION 


Forty-three per cent of the patients in 
this series exhibited invasion of perirenal 
tissue by the malignant neoplasm at oper- 
ation, but less than half of this group (12 of 
27) had unresectable tumors. It is thus 
clear from this series, at least, that exten- 
sion of the tumor bevond the kidney, even 
in some cases extensively beyond the kid- 
ney, Is not necessarily an absolute impedi- 
ment to complete surgical removal of the 
lesion. 

We have been surprised to find that some 
of the largest tumors were completely re- 
sectable, and some of the more sharply cir- 
cumscribed, from a roentgenologic point of 
view, were impossible to remove. Nonethe- 
less, certain roentgenologic signs tend to be 
helpful in the prediction of a difficult oper- 
ation or even inability to remove the tu- 
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Fic. 2. Inferior venacavograms of the case illus- 
trated in Figure 1. (4) Anteroposterior and (B) 
lateral views demonstrate no invasion or displace- 
ment of the vena cava. The radiolucency seen in 
the anteroposterior projection (arrow) represents 
dilution of the contrast material by the large vol- 
ume of blood returning through the right renal 
vein because of the arteriovenous shunt within the 
renal carcinoma. There is no evidence from the 
venacavogram of unresectability. 


mor, although none of them taken alone 
should be considered as contraindication to 
operation. The only possible exception to 
this generalization may be in the case of a 
displaced or invaded vena cava as demon- 
strated by venacavographv, but our his- 
tologically verified experience with this 
examination in carcinoma of the kidney is 
too small to be certain. 


SUMMARY 


Sixty-three histologically proven cases 
of carcinoma of the kidney have been re 
viewed, and roentgen signs have been com 
piled and tabulated. An effort was made to 
determine which, if any, roentgen signs 
were reliable for the prediction of unre- 
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liG. 4. (4) Retrograde pyelogram shows bizarre distortion of the collecting system due to an enormous 
carcinoma of the kidney. (B) The anteroposterior inferior venacavogram reveals encroachment upon the 
lumen by large tumor nodules (arrows) which almost completely obstruct the vena cava. This finding 
strongly suggests that it will be impossible for the surgeon to completely remove the tumor. 
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Fic. 3. Inferior venacavograms in carcinoma of the kidney. (4) Destruction and invasion of the renal pelvis 
on excretory urography by a large tumor of the upper pole. (B) Slight indentation upon the inferior vena 
cava in the anteroposterior projection (arrow) due to encroachment by the large tumor. (C) Lateral view of 
the vena cava shows marked anterior displacement (arrow) by the large renal carcinoma. These findings 


suggest unresectability. 


K 





sectability of the tumor. If unresectability 
could be predicted confidently, the patient 
might be spared an operation which ot- 
fered no chance of success. With the pos- 
sible exception of displacement, invasion 
or obstruction of the inferior vena cava 
demonstrated by venacavography, regard- 
ing which further data must be obtained, 
no such roentgen sign was found. 

The following roentgen signs were asso- 
ciated with an unusually high incidence of 
unresectability: (1) calcification in the tu- 
mor; (2) a mass visible on the KUB roent- 
genogram; (3) the presence of opaque cal- 
culi within the collecting system; (4) ob- 
literation of the psoas margin on the side 
of the tumor; (5) the presence of a soft 
tissue mass which crosses the midline on the 
KUB roentgenogram; (6) destruction and/ 
or invasion of the collecting structures seen 
on excretory urography or nephrotomogra- 
phy; and (7) displacement (and presum- 
ably invasion and/or obstruction) of the 
inferior vena cava. 


It is concluded that while certain roent- 
gen signs are suggestive of a difficult oper- 
ation and some, when seen, indicate an 1n- 
creased likelihood of unresectability, in no 
case should operation be withheld on the 
basis of unfavorable roentgen signs alone. 
The only possible exception to this gener- 
alization is the unequivocal presence of 
displacement, invasion, or obstruction of 
the inferior vena cava seen on contrast 
studies of that structure. 


Melvyn H. Schreiber, M.D. 

Department of Radiology 

The University of Texas 
Medical Branch 


Galveston, Texas 77550 
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IHE EFFECTS OF PATIENT POSITION ON THE 
RADIOISOTOPE RENOGRAM* 


By W. MARION JORDAN, M.D.,1 and JOHN A. BURDINE, Jr., M.D.1 


HOUSTON, TEXAS 


ADIOISOTOPE renography has under- 

gone interesting evolutionary changes 
since it was first presented as a means 
of assessing renal function by Taplin e a/.,° 
and Winter? some 10 years ago. Because 
of the difficulties attending the accurate 
diagnosis of renovascular hypertension, a 
considerable number of investigators seized 
upon renography as a simple, safe, and 
potentially sound means of evaluating 
renal perfusion separately from paren- 
chymal and excretory function. Unfor- 
tunatelv, however, the technique has not 
proved as helpful as one might have hoped, 
primarily because of the similarity in 
abnormal patterns which have been seen 
in widely different forms of renal disease. 
In addition, accurate interpretation of re- 
sults has been made more difficult by re- 
ports of variation in pattern dependent 
upon the state of hydration, level of renal 
blood flow and urine formation, and posi- 
tion of the patient *5,791011 The pur- 
pose of this communication is to present 
our recent experience in this last category. 


MATERIALS AND METHODS 


The detection equipment which we 
utilized was a Picker Twin probe apparatus 
equipped with 2 inch diameter sodium 10- 
dide crystals, dual pulse height analyzers 
and ratemeters, and a dual pen strip chart 
recorder. The 10K scale was used in most 
patients along with a 3 second time con- 
stant and a chart speed of 12 inches per 
hour. Ten to twenty microcuries of ['! 
hippuran were administered intravenously 
for each renogram after kidnev localization 


was achieved using 20-30 uc of Hg!" 
chlormerodrin. 

Included in this study are 75 consecutive 
patients who had renograms in our hospital 
during a § month period. No attempt was 
made to produce a uniform degree of hy- 
dration, but the few clinically dehydrated 
patients were hydrated prior to examina- 
tion. Tracings were obtained over both 
kidneys in the sitting as well as the prone 
positions. The 2 renograms were obtained 
with an interval between them of 30 to 60 
minutes in most patients, except in those 
who had such poor renal function that a 
delav of up to 24 hours was necessary for 
the blood level of radioactivity to fall to an 
acceptable point. For purposes of statistical 
analysis, we have defined a renogram as a 
tracing made over a single kidney, since 
factors which influence renal function may 
not be equal bilaterally. Following this 
definition, 300 renograms were obtained 
over our patients' individual kidneys, 150 
in the prone position and 150 sitting. 


RENOGRAM ANALYSIS AND NORMAL 
VALUES 


The renogram evaluation has been re- 
stricted to two of the most widely used 
criteria. The first, called the T-max, repre- 
sents the time from the injection of hip- 
puran to the point of maximum count rate 
obtained over the kidney.*979!9 The 
second, the T3, is the time from the point 
of maximum activity until this value has 
falen by a factor of 1.5 The maximum 
times which we consider normal in our 
laboratorv for the T-max and the T3 are 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D.C., September 26-29, 1967. 
From the Department of Radiology, Nuclear Medicine Section, Baylor University College of Medicine and Ben Taub General Hos- 
e. , J 4 - 


pital, Houston, Texas. 


T Resident in Radiology, Baylor University College of Medicine Affiliated Hospitals. 
t Assistant Professor of Radiology and Internal Medicine, Baylor University College of Medicine; Chief, Nuclear Medicine Section, 


Ben Taub General Hospital. 
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6 and 13 minutes, respectively. 

We have elected not to use another popu- 
lar measurement, the "angle" or slope ot 
the concentration phase. This parameter 
may provide useful information, particu- 
larlv in unilateral disease, but the wide 
range of normal values plus its sensitivity 
to the rate of urine formation makes 
changes difficult to interpret.’ 


RESULFS 


Tables 1 and 11 are designed to provide 
information relative to the following two 
questions: 

1. How many separate renograms (from 
an Individual kidnev) had a delav in 
T-max or Ti occurring in one posi- 
tion; how long was this delay; and in 
which position did it occur (Table 1A 
and mA)? 

Of those renograms in which a delay 
in the time for the T-max or T$ oc- 
curred in a particular position, how 
many actually lengthened abnormally 


TABLE I 


A. DELAY IN RENOGRAM T-MAX DUE TO 
CHANGE IN PATIENT POSITION 








Left Renogram Right Renogram 








Minutes 
Delay 


Prone 
No. of 
Patients 


Prone 
No. of 
Patients 


Sitting 
No. of 
Patients 


Sitting 
No. of 
Patients 





IO 


6 
I 
d 





Total 23 28 


B. CHANGE OF T-MAX FROM NORMAL ( <6 min.) 
TO ABNORMAL ( >6 min.) 


Prone Sitting Total 








Left Renogram 6 16 
Right Renogram 7 24 
Patients* 11 31 


(15%) (41%) 


* Those from the series of 75 patients studied in whom an ab- 
normal delay in the T-max occurred over one or both kidneys. 


Effects of Patient Position on Radioisotope Renogram 


Tapte II 


A. DELAY IN RENOGRAM T3 DUE TO 
CHANGE IN PATIENT POSITION 








Left Renogram Right Renogram 


Minutes 


Prone 
Delay 


No. of 
Patients 


Sitting 
No. of 
Patients 


Prone 
No. of 
Patients 


Sitting 
No. of 
Patients 





^ 
ps3 


4-6 
»6 








Total 31 


B. CHANGE OF TJ FROM NORMAL ( <13 min.) 
TO ABNORMAL ( >13 min.) 


Prone Sitting Total 





Left Renogram 4 $ 12 
Right Renogram 8 10 | 
Patients* 12 14 

(16%) (19%) 


* Represents those from the series of 75 patients studied in 
whom an abnormal delay in the T} occurred over one or both 
kidneys. 


from the normal range (Table 1B and 
uB)? 

The T-maximum was delayed 1 minute 
or more in 5I patients on the left side, and 
in 57 patients on the right (Table 1A). This 
delav caused a previously normal value to 
become abnormal on the left in 16 patients, 
and on the right in 24 patients. A total of 
31 patients developed an abnormal T-max 
over one or both kidneys in response to 
change in position. An abnormality was 
produced in 20 of these patients in chang- 
ing to the prone position, and 11 patients 
developed an abnormal T-max when chang- 
ing to the sitting position (Table 1B). 

Because it 1s well known that the range 
of normal for the T4 is quite broad,* ^5 we 
have grouped the changes recorded in this 
parameter into larger segments (Table 
mA). The distribution from left to right 
here is essentially the same as that with 
the T-max, in that £4 patients had a delay 
in T3 greater than 1 minute on the left, and 
49 on the right. Those in whom the delav 
actually produced an abnormality included 





W. Marion Jordan and John A. Burdine, Jr. 











SITTING 











30 > 10 1/5 20 25 30 


MINUTES 


lic. 1. Renograms from a 36 year old man with 
diabetes mellitus and urinary tract infection but 
no evidence of hypertension or abnormal renal 
function. Normal renograms while in the prone 
position changed to abnormal in the concentration 
and washout phases in the sitting position. 


I2 patients on the left and 18 patients on 
the right. Twenty-six patients lengthened 
in T$ to greater than 13 minutes over one 
or both kidneys. The position in which this 
abnormality occurred was the prone in 12 
patients, and the sitting in 14 (Table 11B). 


DISCUSSION 


Early investigators pointed out the 
benefit of performing renography in the 
sitting position, since it is somewhat easier 
to do technically, and the normal gravita- 
tional aid to urine flow out of the renal 
pelvis is present. This position has sub- 
sequentlv been criticized because of the 
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considerable displacement of the kidnevs 
that many individuals undergo when sit- 
ting up, thereby producing some imped- 
ance to urine flow due to kinking or com- 
pression of the ureters. *'' 

The prone and supine positions, while 
not subject to the kidney displacement 
seen in the sitting position, are less than 
ideal because of the possibility of abnormal 
drainage due to the lack of gravitational 
effect." Additionally, probe placement in 
the supine position is extremely difficult, 
and the increase in intra-abdominal pres- 
sure observed in the prone position may 
influence the configuration of the renogram 
curve.” 

Tauxe and Hunt!’ have observed better 
reliability in demonstrating functional dif- 
ferences between the two kidnevs when 
renography is performed while the patient 
Is sitting, but state that changes in kidnev 
location in this position are sufficiently 
frequent so that they make it a practice to 
perform renographv in the prone as well 
as the sitting position in all patients. It 
seems obvious from our studv that one 
cannot predict when a particular patient 
will have a renogram which is affected bv 
position, nor can one determine the posi- 





INCHES 





LEFT 


15 20 25 30 35 40 45 
MINUTES 


PRONE - 


Fic. 2. Renogram from left kidney of a patient with 
an ileal conduit. Arrows denote changes in concen- 
tration and washout phases occurring simultane- 
ously with peristaltic waves in the conduit. 





VoL. 104, No. 2 


tion in which the change will occur. 

Because the washout or excretion phase 
of the renogram is influenced by so many 
factors,” it is not remarkable that the reno- 
gram T4 became abnormal over one or 
both kidnevs in 35 per cent of our 75 pa- 
tients in response to a change in position 
(Table 1B). It is striking, however, that 
40 per cent of the patients developed an 
abnormal T-max under the same circum- 
stances (Table 1B; Fig. 1). Whether this 
finding indicates that changes in pressure 
in a kidney's drainage system influence the 
renogram concentration phase is not clear. 
We have observed patients with ileal 
conduits whose renograms changed radi- 
cally in the vascular as well as the concen- 
tration phases in response to peristaltic 
waves in the conduit (Fig. 2). This informa- 
tion was obtained bv periodic fluoroscopic 
examination during renography. Pressure 
changes during contraction of the conduit 
were measured using a manometer con- 
nected to an indwelling Foley catheter. 

In spite of the problems in renography 


relating to change in position, we have been 
impressed that very useful information can 
be obtained in the great majority of pa- 
tients if the study is performed in at least 
two positions. An abnormality should not 
be considered definite unless it 1s consistent. 


SUMMARY 


Renography was performed in the sitting 
and the prone position in 75 patients and 
evaluated in respect to the concentration 
and washout phases. 

In response to a change in position, 40 
per cent of the patients developed an ab- 
normal concentration phase (T-max). The 
washout phase (T2) was affected in 35 per 
cent. We therefore advocate that the test 
be performed in at least two positions be- 
fore interpretation 1s attempted. 


Effects of Patient Position on Radioisotope Renogram 


John A. Burdine, Jr., M.D. 
Department of Radiology 

Nuclear Medicine Section 

Baylor University College of Medicine 
Houston, Texas 77025 
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RENAL OSTEODYSTROPHY* 


By MICHAEL WELLER, M.D.,t JACK EDEIKEN, M.D.,t and PHILIP J. HODES, M.D.$ 


PHILADELPHIA, PENNSYLVANIA 


ENAL osteodystrophy is the skeletal 

response to long-standing chronic renal 
disease. In the past, few patients with 
chronic renal failure survived a sufficient 
time for osseous abnormalities to become 
manifest. With improvement in dialvzing 
techniques, increased and 
renal osteodvstrophy is a more frequent 
hnding. Although dialysis prolongs life, 
the osseous abnormalities persist and pro- 
gress, albeit at a slower rate. Since renal 
osteodystrophy will occur with increasing 
frequency, it is important to understand 
basic bone physiology and be cognizant of 
the roentgenographic features of the dis- 


longevitv is 


ease spectrum. 

Renal osteodystrophy is a recognizable 
complex of skeletal changes and includes: 
(1) osteomalacia (adults) or rickets (chil 
dren); (2) osteitis fibrosa (hyperparathy- 
roidism); and (3) osteosclerosis (Fig. i). 
Soft tissue calcifications are common. All 
of these features may not be present in the 
same individual. The skeletal changes 
may be due to several causes, classified by 
Dent into glomerular and tubular forms.?? 
Glomerular renal disease is most often due 
to chronic pyelonephritis and chronic glo- 
merulonephritis.?95? Tubular forms include 
vitamin D resistant rickets, the Fanconi 
syndrome, and renal tubular 
"Glomerular" types are due to acquired 
renal disease, and tubular forms are due 
mainly to inborn metabolic errors. There- 
fore, we use the terms acquired (glomerular) 
and congenital (tubular) renal osteodvs- 
trophy. 


acidosis. 


ACQUIRED RENAL OSTEODYSTROPHY 


PATHOPHYSIOLOGY 


Acquired renal osteodystrophy is caused 
y functional renal impairment. The basic 


lic. 1. Uremia in a child produced widening of the 
growth plate (rickets), osteosclerosis of the meta- 
physis, and subperiosteal resorption due to sec- 
ondary hyperparathyroidism. Note the resorption 
of the distal end of the clavicle. 


mechanisms are controversial, and there 
are two main theories: (1)acquired insensi- 
tivity to all actions of vitamin D (ergo- 
Sterol) :10:17,33, 35, 36,37 and (2 
and excessive secretion of phosphorus into 
the bowel. 


) chronic acidosis 


ACQUIRED INSENSITIVITY TO VITAMIN D (ANTI- 
VITAMIN D FACTOR) 
Vitamin D has three known functions: 
(1) to promote intestinal absorption of 
calcium and phosphorus; (2) to exert a 


' From the Department of Radiology, Jefferson Medical Center, Philadelphia, Pennsylvania. 
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direct effect on bone mineralization; and 
(3) to exert a minor phosphaturic action. 
When these functions are lost, less circu- 
lating minerals are available to bone due 
to decreased intestinal absorption. Bone 
cannot utilize the circulating minerals 
present, since the direct effect on bone 
mineralization is lost. The result is osteo- 
malacia. Eventually there is a decrease in 
serum calcium which stimulates the para- 
thyroids to secrete large amounts of para- 
thormone. Parathormone causes an in- 
creased rate of bone resorption (to release 
minerals in order to maintain serum cal- 
cium levels) and osteitis fibrosa results. 

Two notable groups of studies support 
this theory of acquired insensitivity to 
vitamin D or an anti-vitamin D factor. 
Rachitic rat cartilage calcifies at a Ca-P 
product of 35, incubated with serum from 
control patients, but only at 55 with 
serum from chronic renal disease patients.” 

Also, large doses of vitamin D (20,000- 
50,000 units per day) will cause healing of 
renal osteodystrophy before the Ca-P prod- 
uct rises,!8 seemingly substantiating a 
direct mineralizing effect of vitamin 
]) 19.34.36 


CHRONIC ACIDOSIS AND INTESTINAL PHOSPHATE 
SECRETION 

The older pathogenetic theory attributes 
the osseous changes to chronic acidosis.” 
11,24,25,27 Chronic acidosis occurs with renal 
failure and is associated with increased 
serum phosphorous levels. This results in 
the secretion of large amounts of phosphate 
into the bowel. Intestinal calcium is then 
bound to phosphate in the bowel lumen, 
forming insoluble calcium salts which can- 
not be absorbed. Hypocalcemia eventually 
ensues. 

There is much evidence to refute the 
above explanation. Careful metabolic 
studies fail to show any increase in insol- 
uble calcium-phosphate salts in the stool.? 
Moreover, aluminum hydroxide given 
orally to bind intestinal phosphate will not 
result in increased calcium absorption or 
blood levels? and will not bring about 
bony healing. Chronic acidosis as the sole 


Renal Osteodystrophy 


{í 


ig. 2. Renal osteodystrophy due to chronic pye- 
lonephritis. There is widening of the sacroiliac 
joints and the femoral growth plates. There is 
bilateral slipping of the capital-femoral epiphyses. 
Note the osteosclerosis adjacent to the sacroiliac 
joints. 


cause of renal osteodystrophy is unlikely, 
since alkalinization of the patient will not 
cause skeletal healing unless vitamin D is 
added.!9252535,9 Other chronic 
e.g., diabetes mellitus and renal tubular 


acidosis, do not cause osteitis fibrosa. 


acidoses, 


I. OSTEOMALACIA AND RICKETS 


Osteomalacia and/or rickets 1s the com- 
monest feature of renal osteodystrophy. 
The difference in adults (osteomalacia) 
and children (rickets) reflects only the 
stage of bone maturation present when the 


deficiency occurs. 
OSTEOMALACIA 


This occurs in both diffuse and localized 
forms. The former is due to diminution in 
the number of trabeculae, and a compensa- 
tory thickening of primary stress trabe- 
culae, thus accounting for the "increased 
trabecular pattern" often described. The 
focal form is known as ‘‘Milkman’s frac- 
tures," or ‘‘Looser’s nodes." These pseudo- 
fractures are really incomplete compres- 
sion fractures with little or no callus re- 
sponse.??* Radiolucency persists due to 
the failure of calcification of osteoid callus. 
Local pain is the most common complaint, 
and the medial scapular border, ribs, and 
pubic and ischial rami are the most com. 
mon sites. Steinbach and Noetzli have 
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observed d tendency toward bilateral sym- thickness ot the rachitic growth plate Is 
metry of pseudofractures. 3.2 mm. in Steinbach and Noetzli's series, 
with the control thickness being 1.0 mm. 

Sonera Metaphyseal cupping and fraying occur, 


Any mechanism which prevents calcium as well as bowing of long bones and the 
deposition in the zone of provisional cal- ‘“‘rachitic rosary” of the ribs (Fig. 5, 4—D). 
cification causes rickets. Roentgenographi- The changes are similar to those of dietary 
cally, the growth plate is widened due to rickets, although occasionally more severe 
continuing proliferation of cartilage which due to their occurrence in older, heavier 
cannot caleify (Fig. 1 and 2). The average patients with a longer disease course.*! 


— 


Fic. 3. Infant with renal failure due to congenital absence of one renal artery and hvpoplasia of the other 
renal artery. (4) Chest roentgenogram shows a pronounced rachitic rosary and marked deossification re- 
sulting in deformity of the proximal humerus. ( B) There is a fracture of the proximal humerus and bowing 
of the bones of the forearm due to osteomalacia. (C) The femur shows marked deossification and fracture 
with little healing. (D) The pelvis shows marked deossification and deformity of the proximal femurs. 
Abundant undermineralized osteoid is present at the proximal ends of the femurs. 





VoL. 104, No. 2 


II. OSTEITIS FIBROSA 

Osteitis fibrosa is caused by increased 
parathyroid activity. The stimulus for 
parathormone production is hypocalcemia, 
hyperphosphatemia, or both. The effect ot 
parathormone is to increase osteoclasis. 
The bone defects produced by local resorp- 
tion are replaced by fibrous tissue and 
giant cells. When this process becomes ex- 
tensive, the calcium released may elevate 
the blood levels to normal, so that if a pa- 
tient with chronic renal disease has a nor- 
mal serum calcium, osteitis fibrosa is 1n- 
evitably seen on the roentgenograms.? Ostei- 
tis fibrosa begins early in renal decompen- 
sation and may be observed in patients 
dying of acute renal failure." Osteitis 
fibrosa is far more common in acquired 
(glomerular) forms of renal disease than 


the tubular syndromes.” 


ROENTGEN FEATURES 

The most constant and specific feature 
is subperiosteal bone resorption, most often 
seen at the radial surface of the middle 
phalanges. The resorption presents as a 
peculiar "lace-like" or “palisade” appear- 
ance diagnostic of the condition. Subperi- 
osteal bone resorption also occurs in the 
clavicle (Fig. 1), the medial aspect of the 
proximal tibia and humerus, and the distal 
ulna, in that order (Fig. 4, 4, B and C) 

In the skull, spotty deossification is a 
common feature of hyperparathyroidism 
and causes a ‘‘wooley”’ or “salt and pepper" 
appearance (Fig. 5). Resorption of the 
lamina dura is a rather constant feature 
but it is not characteristic of the condition. 

Metaphyseal fractures and slipped epi- 
physes may be prominent features of the 
disease (Fig. 2). "Brown" tumors are not 
found frequently in secondary hyperpara- 
thvroidism. Destruction of the phalangeal 
tufts may occur. The resultant telescoping 
of the soft tissues of the fingers causes a 
"pseudo-clubbing" appearance (Fig. 6). 
Destruction of the interphalangeal joints 
occurs and may be confused with rheuma- 
toid arthritis. =% 

Soft tissue calcification? ?®’® occurs with 


Renal Osteodystrophy 


E 


lIc. 3. (E) Aortogram reveals absence of the left 
renal artery and a hypoplastic right renal artery. 
(Courtesy of Doctor John W. Hope, Children's 
Hospital of Philadelphia.) 


long-standing hyperparathyroidism and 
may be found in soft tissue, small and 
medium sized arteries (Fig. 6 and 7), renal 
parenchyma, cartilage, and conjunctiva 
fornices.?! 


III. OSTEOSCLEROSIS 


Osteosclerosis (hvperostosis) most com- 
monly occurs with chronic pyelonephri- 
tis.1 Jt most likely results from thera- 
peutic efforts with vitamin D and calcium 
administration, rather than the primary 
disease.??:34.3» 

Many investigators believe that osteo- 
sclerosis results from an exaggerated osteo- 
blastic response following bone resorp- 
tion, !:!6:18,25.36.41 There may be a separate 
fraction of parathormone, which stimulates 
osteoblastic activity, 3®%® especially early 
in renal disease with mild parathyroid hy- 
peractivity and positive calcium balance.” 
In 1932, Selye?? injected repeated small 
doses of parathyroid extract into rats and 
produced osteosclerosis, with or without 
osteitis fibrosa, depending on the dose. 
Osteosclerosis may occur early in the course 
of osteitis fibrosa when hormone levels are 
relatively low.5:16.30.49 

Thyrocalcitonin, elaborated by the para- 
follicular cells of the thyroid, acts to foster 
osteoblastic activity even in the face of 
hypercalcemia, and is thought by some to 
cause osteosclerosis perhaps via decreased 
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lic. 4. Renal osteodystrophy with characteristic bone changes of hyperparathyroidism. (,4) Subperiosteal 
resorption is most marked at the radial surface of the middle phalanges (arrow). There is destruction of the 
tufts. (B) Subperiosteal resorption of ribs, clavicle, and the humeral shaft. (C) Resorption of the bones 


* 


adjacent to the symphysis pubis and of the femoral neck. 
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excretion, increased production, or both.” 

Osteosclerosis alone is reported with 
chronic renal disease? but 1s usually asso- 
ciated with osteomalacia and osteitis fibrosa. 


ROENTGEN FEATURES 

Thickening and fusion of adjacent tra- 
beculae produce an increased trabecular 
pattern on the roentgenograms, which pro- 
uresses to a diffuse, chalky density and ob- 
scuration of the normal bone architecture. 
[n children, metaphyseal osteosclerosis 1s 
exaggerated because of adjacent deossifica- 
tion?! (Fig. 1 and 2). In adults, the thoraco- 
lumbar spine is the most common site, oc- 
curring in 56 of the 63 cases in three com- 
bined series.” Dent and Hodson" have 
termed this picture "rugger-Jersey spine" 
due to the sclerosis at the superior and in- 
ferior vertebral borders (Fig. 8). Other 
common sites include the pelvis, ribs, fem- 
ora, and long bones. It may occur in the 
facial bones, simulating leontiasis ossea,” 
and in the base of the skull, especially in 
children (Fig. 9). 


TUBULAR SYNDROMES 


Tubular svndromes cause renal osteo- 
dystrophy less commonly than acquired 
disease, and exretory impairment is not a 


Fic. 5. There is deossification of the skull producing 
a “salt and pepper” appearance. A small "brown" 
tumor is present in the posterior portion of the 
parietal bone. 


Renal Osteodystrophy 


‘ic. 6. Renal osteodystrophy. There is destruction 
of the phalangeal tufts with "pseudo-clubbing" 
due to soft tissue telescoping. Arterial calcification 
is prominent. Note the subperiosteal bone resorp 
tion at the radial aspect of the middle phalanges. 


prerequisite. The plethora of syndromes 
and eponyms often differ only in the abnor- 
mal excretion of specific metabolites. Skel- 
etal changes are similar to acquired (glo- 
merular) osteodystrophy, with a few excep 
tions. There are three major disease pat. 
terns: (1) vitamin D resistant rickets; 
(2) Fanconi syndrome; and (3) renal tubu. 
lar acidosis. 


VITAMIN D RESISTANT RICKETS 
These children present classic rachitic 
changes, bone pain, muscular weakness, 
occasional dwarfism, and persistent phos- 
phaturia with no systemic acidosis, amino 
aciduria, glycosuria, or proteinuria.*’ It is 
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l'iG. 7. Renal osteodystrophy with soft tissue cal- 
cification. This is usually the result of administra- 
tion of calcium without vitamin D. 


probably familial or genetic in origin, al- 
though spontaneous appearances are re- 
ported." Hyperphosphaturia leads to hy- 
pophosphatemia, and hypocalcemia occurs 
secondary to intestinal malabsorption. The 
alkaline phosphatase is usually elevated. 

since large doses of vitamin D will cause 
healing without alleviating urinary phos- 
phate loss, it is unlikely that the disease is 
solely due to resistance to vitamin D ac- 
tion.'* Fanconi, and earlier Johnson, 
suggested the term “phosphate diabetes" 
due to the persistent phosphaturia despite 
healing with ergosterol. 

Partial and complete healing occur with 


phosphate infusion and oral supplementa 
tion. However, the result is temporary un- 
less calcium and vitamin D are added and 
maintained.?^?5 A parallel would seem to 
exist between the pathophysiology of re- 
sistant rickets and acquired (glomerular) 
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rickets since the primary defect in resistant 
rickets is probably a combination of a 
congenital renal phosphate leak combined 
with intestinal malabsorption of calcium. 

The roentgenographic features resemble 
those of glomerular rickets, although dwarf- 
ism may be more marked. Bowing of 
long bones, pseudofractures, and metaphys- 
eal osteosclerosis all Even with 
vitamin D and phosphate supplements, re- 
common and deformities 


occur, 
currences are 
may result.? 


FANCONI SYNDROME 


The more severe childhood form of this 
disease has been termed the Fanconi-de- 
Toni-Debre or Fanconi-Lignac syndrome, 
while the milder adult form is commonly 
called the adult Fanconi syndrome. AL 
though many variations exist due to differ- 
ing tubular enzymatic defects, it is basi- 
cally a triad of hyperphosphaturia, amino 


l'1G. 8. Renal osteodystrophy. Osteosclerosis of the 
superior and inferior margins of the vertebral 


centra producing a "rugger-jersey" appearance. 
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aciduria, and renal glycosuria with a nor- 
mal blood glucose.? It is reported with 
hvpokalemia and periodic weakness, neph- 
rogenic diabetes insipidus,” and hyper- 
uricuria.? Although mainly genetic, the 
Fanconi syndrome may complicate heavy 
metal intoxication and multiple myeloma.” 
Cystinosis is no longer considered the un- 
derlying cause. 

When bone changes do occur, functional 
renal impairment is likely. Most cases heal 
with large doses of vitamin D,” or alka- 
linization plus ergosterol, thus suggesting 
another link between acquired and tubular 
osteodystrophy. Rickets, osteomalacia, os- 
teitis fibrosa,** and osteosclerosis may be 
present, the latter two in more pro- 
tracted cases. Bowing of long bones and 
epiphyseal collapse and malposition cause 
limb deformities. Peculiar spurs and ossi- 
cles at ligamentous insertions about the 
joints are described by Steinbach and 
Noetzli in renal phosphaturia with or 
without glycosuria, and are presumably 
due to normal stresses placed on abnor- 
mally soft, undermineralized bone. 


RENAL TUBULAR ACIDOSIS 


The Lightwood syndrome or “‘salt-losing 
nephritis” is the self-limited form of the 


Fic. 9. Renal osteodystrophy. There is loss of de- 
finition of the skull tables especially evident in the 
frontal and occipital areas and sclerosis along the 
base of the skull and in the mastoids. 
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disturbance in infants and children and 
while active, produces systemic acidosis 
and bone lesions but not nephrocalcinosis. 
The adult form of renal tubular acidosis 
(Butler-Albright syndrome), is the severe 
form. Systemic acidosis, bone lesions, and 
nephrocalcinosis are seen. The basic defect 
in both forms is failure of tubular epithe- 
lium to excrete the hydrogen ion, except 
through coupling with the ammonia radi- 
cal. All the hydrogen that is filtered cannot 
be excreted through this pathway, and 
systemic hyperchloremic acidosis results. 
'The serum phosphate rises as renal failure 
ensues. Therapy with vitamin D and 
alkalinization is only partially efficacious 
in causing bone healing. ** 

The roentgen features include rickets 
and/or osteomalacia, pseudofractures, and 
nephrocalcinosis. Osteitis fibrosa is rare," 
and osteosclerosis is not reported. 


SUMMARY 


Renal osteodystrophy is a complex of 
skeletal responses to renal disease, which 
includes: (1) osteomalacia (adults) and 
rickets (children); (2) osteitis fibrosa; and 
(3) osteosclerosis. The latter may be the 
result of treatment. Soft tissue calcifica- 
tions occur in long-standing disease. 

Renal osteodvstrophy may be divided 
into acquired or glomerular form (due most 
often to chronic pyelonephritis), and the 
congenital or tubular form, e.g., vitamin D 
resistant rickets, Fanconi syndrome, and 
renal tubular acidosis. Impaired intestinal 
absorption of calcium and phosphorus may 
be a common link between the two forms. 

Roentgenographically, renal and dietary 
rickets differ only in severity. The greater 
degree of change in renal rickets may be 
related to age of onset and body weight. 
Osteomalacia is diffuse, or localized (pseudo- 
fractures). Osteitis fibrosa occurs most 
characteristically as subperiosteal 
resorption. Osteosclerosis 1s most common 
in the thoracolumbar spine at the superior 
and inferior vertebral borders. Soft tissue, 
arterial, and renal parenchymal calcifica- 
tions occur late. 


Ix me 
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The disease will become more prevalent 15. Doyle, F. H. Some quantitative radiological 


with increasing use of long-term dialysis. 


Philip J. Hodes, M.D. 

Jefferson Medical Center 

11th and Walnut Streets 
Philadelphia, Pennsylvania 19107 


REFERENCES 


. ALBRIGHT, ÙF., and Rerrensrein, E. PCR 
Parathyroid Glands and Metabolic Bone Dis- 
ease: Selected Studies. Williams & Wilkins 
Company, Baltimore, 1948. 

. ANDERSON, W. W., Many, J. B., Kenyon, N., 
FARRELL, J. J., and Hitts, A. G. Subtotal 
parathyroidectom y in azotemic renal osteod ys- 
trophy. New England J. Med., 1963, 268, 575- 
580. 

. Barro, I. M., and Legs, F. Renal osteodystrophy 
in adults. 4.M.A. Arch. Int. Med., 1956, 98, 
16-22. 

. Baker, S. L. General softening of bone due to 
metabolic causes. I. Histopathology of porotic 
and malacic conditions of bone. Brit. Y. Ra- 
diol., 1954, 27, 604. 

. BagrELHEIMER, H., and Scumirr-Roupe, J. M. 
Quoted by G. Fanconi.!8 

. Beveripce, B., Vavcnaw, B. F., and WALTERS, 
M. N. I. Primary hyperparathyroidism and 
secondary renal failure with osteosclerosis. 7. 
Fac. Radiologists, 1959, 10, 197-200. 

Bioomer, H. A., Canary, J. J., Kyrie, L. H., 
and Aurp, R. M. Fanconi syndrome with 
renal hyperchloremic acidosis: sequential de- 
velopment of multiple tubular dysfunctions in 
child. 4m. F. Med., 1962, 33, 141-149. 

. CLarrEAux, A. E. Renal osteodystrophy. T: 
Path. & Bact., 1953, 65, 291—306. 

. Copp, D. H., Cameron, E. C., CHeney, B. A., 
Davipson, A. G. F., and Henze, K. G. Evi- 
dence for calcitonin: new hormone from para- 
thyroid that lowers blood calcium. Endocrinol- 
0gy, 1962, 70, 638-649. 

- Davies, D. R., Dent, C. E., and WiLLcox, A. 
Hyperparathyroidism and steatorrhoea. Brit. 
M: Ja 1956, 2, 1113-1137. 

. Davis, J. G. Osseous radiographic findings of 
chronic renal insufficiency. Radiology, 1953, 
60, 406-411. 

Dent, C. E. Rickets and osteomalacia from 
renal tubule defects. 7. Bone & Joint Surg., 
1952, 34D, 266-274. 

Dent, C. E., and Hopson, C. J. General soften- 
ing of bone due to metabolic causes. II. Radio- 
logic changes associated with certain metabolic 
bone diseases. Brit. Y. Radiol., 1954, 27, 605- 
618. 

. Dent, C. E., and Harris, H. Hereditary forms 
of rickets and osteomalacia. Y. Bone & Foint 
Surg., 1956, 38B, 204-226. 


Observations in primary and secondary hyper- 
parathyroidism. Brit. Y. Radiol., 1966, 39, 
161—167, 


. Dnzs&IN, E. A., and Fox, T. A. Adult renal 


osteitis fibrosa with metastatic calcification 
and hyperplasia of one parathyroid gland: re- 
port of case. Arch. Int. Med., 1950, 86, $33- 
557. 


. Editorial. Renal osteodystrophy. New England 


J. Med., 1963, 268, 617—618. 

l'ANcoNI, G. Physiology and pathology of cal- 
cium and phosphate metabolism. Advances 
Pediat., 1962, 12, 307—349. 


. FLETCHER, R. F., Jones, J. H., and MoRGAN, 


D. B. Bone disease in chronic renal failure. 
Quart. F. Med., 1963, 32, 321—339. 


. Fraser, D., Geicer, D. W., Munn, Js IX 


SLATER, P. E., Jann, R., and Liv, E. Calcifi- 
cation studies in clinical vitamin D deficiency 
and hypophosphatemic vitamin D-refractory 
rickets: induction of calcium deposition in 
rachitic cartilage without administration of 
vitamin D. 4.M.A. Am. J. Dis. Child., 1958, 
96, 460-463. 


. Gitmovur, J. R. The Parathyroid Glands and 


Skeleton in Renal Diseases. Oxford University 
Press, London, 1947. 


. Harrison, H. E. Fanconi syndrome. Y. Chronic 


Dis., 1958, 346. 


. Herperr, F. K., Mitten, H. G., and Ricuanp- 


soN, G. O. Chronic renal disease, secondary 
parathyroid hyperplasia, decalcification of 
bone and metastatic calcification. Y. Path. € 
Bact., 1941, 53, 161-182. 


. Joiner, C. L., and THuorne, M. G. On occur- 


rence of skeletal disorders in cases of long 
standing renal failure. Guy's Hosp. Rep., 1953, 
702, I-35. 

Karani, S. Secondary hyperparathyroidism: 
primary renal failure. Proc. Roy. Soc. Med., 
1955, 48, 52777830. 


.. Kaye, M., Pritcuarp, J. E., Hatrenny, G. W., 


and Licur, W. Bone disease in chronic renal 
failure with particular reference to osteosclero- 
sis. Medicine, 1960, 39, 157—190. 


7. MrreuELL, A. G. Nephrosclerosis (chronic in- 


terstitial nephritis) in childhood: with special 
reference to renal rickets. 4m. F. Dis. Child., 
1930, 40, ICI, 345. 


. Pierce, D. S., WaLLAcE, W. M., and HERNDON, 


C. H. Long-term treatment of vitamin-D 
resistant rickets. Y. Bone & Joint Surg., 1964, 
464, 978-997. 


. Pucu, D. G. Subperiosteal resorption of bone: 


roentgenologic manifestation of primary hy- 
perparathyroidism and renal osteodystrophy. 
AM. J. ROENTGENOL. & Rap. THERAPY, 1951, 


66, 577-586. 


. SELYE, H. On stimulation of new bone-formation 





sa 104, No. 2 


with parathyroid extract and irradiated 
ergosterol. Endocrinology, 1932, 16, 547-558. 
SrABLES, D. P., Levin, N. W., RuBENSTEIN, 
A. H., Berk, M. E., and AsRAHAMs, C. Para- 
thyroidectomy for hypercalcemic crisis in renal 
osteodystrophy. Aun. Int. Med., 1964, 67, 531- 
539. 
. Sramp, W. G., WurrEsibEs, T. E., Fier, M. H., 
and ScHEER, G. E. Treatment of vitamin-D 
resistant rickets: long term evaluation of its 
effectiveness. Y. Bone & Joint Surg., 1964, 46A, 
905-979. 
. STANBURY, S. W. Azotaemic renal osteodys- 
trophy. Brit. M. Bull., 1957, 13, 57—60. 
. STANBURY, S. W. In: Black's Renal Disease. 
1962, p. 508. 
. STANBURY, S. W., and Lump, G. A. Metabolic 
studies of renal osteodystrophy. I. Calicum 
phosphorus and nitrogen metabolism in 
rickets, osteomalacia, and hyperparathy- 
roidism complicating chronic uremia and in 
osteomalacia of adult Fanconi syndrome. 
Medicine, 1962, 47, 1—34. 
. SrEINBACH, H. L., and Nogrzur, M. Roentgen 
appearance of skeleton in osteomalacia and 
rickets. Am. J. ROENTGENOL., Rap. THERAPY 
& NucLEAR MED., 1964, 97, 955—972. 
. Tarra, J., STEARNS, G., and Ponseti I. V. 


Renal Osteodystrophy 363 


Vitamin-D resistant rickets: long-term clinical 
study of 11 patients. 7. Bone © Foint Surg., 
1964, 46/1, 935—958. 


38. Treat, C. G. General softening of bone due to 


metabolic causes: some observations on radiol- 
ogy of Lignac-Fanconi disease and renal in- 
fantilism. Brit. J. Radiol., 1954, 27, 618-622. 


39. WEBSTER, G. D., Jr. Azotemic renal osteodys- 


trophy. M. Clin. North America, 1963, 47, 
998 5—1000. 


40. Witis, M. R., RicHarpson, R. E., and PauL, 


R. G. Osteosclerotic bone changes in primary 
hyperparathyroidism with renal failure. Brz. 
M. 7..1951, £, 252-255. 


1. WoLr, H. L., and Denko, J. V. Osteosclerosis in 


chronic renal disease. Am. J. M. Sc., 195%, 
235, 33742. 


2. YENDT, E. R., Connor, T. B., and Howanp, 


J. E. In vitro calcification of rachitic rat 
cartilage in normal and pathological human 
sera with some observations on pathogenesis 
of renal rickets. Bull. Johns Hopkins Hosp., 
1955, 90, 1-19. 


43. ZIMMERMAN, H. B. Osteosclerosis in chronic renal 
4.5 ) 


disease: report of four cases associated with 
secondary  hyperparathyroidism. Am. J. 
ROENTGENOL., Rap. THERAPY & NUCLEAR 
MED., 1962, 88, 1152-1169. 





OcroBER, Ig68 


URETERAL DIVERTICULOSIS* 


By SHIV NAVANI, M.B., F.F.R.,t FLORENCIO A. HIPONA, M.D., t and JEROME H. 
SHAPIRO, M.D.8 


BOSTON, MASSACHUSETTS 


N ULTIPLE diverticula of the ureter is 

a distinct rarity. [ts rarity prompts 
the present case report. A search of the 
literature previouslv recorded 
cases. Holly e£ al.” first described 4 cases of 
multiple ureteral diverticula. Since then, 
there have been a few more case reports in 
the literature.!:*-° 


reveals 13 


REPORT OF A CASE 


E. BC. #2076312. This s4 year old 
white male was admitted to the Boston City 
Hospital on May 5, 1967 with persistent ankle 
swelling of about 5 weeks’ duration. The physi- 
cal findings consisted of peripheral edema, 
ascites, hepatomegaly and telangiectasia. Lab- 
oratory tests demonstrated severe liver dys- 
function with a concomitant progressive de- 
terioration of the A diagnosis 
of fatty nutritional with portal 
hypertension was made. During the course of 
hospitalization, bleeding 
The patient’s course was steadily downhill and 


renal status. 


cirrhosis 
variceal occurred. 
his urine output was noted to decrease. Excre- 
tory urography on May 29, 1967 revealed non- 
functioning kidnevs, although the kidney out- 
lines were judged to be normal. Blood urea 
nitrogen at this time was I14 mg. per cent. 

Retrograde pyelography on June 8, 1967 dis- 
closed numerous localized broad-based bulgings 
of the ureteral wall communicating with the 
lumen of both ureters (Fig. 1). The urine 
showed no significant abnormality. The pa- 
tient’s condition deteriorated to the point where 
peritoneal dialysis was employed. Hyperventt- 
lation and coma ensued and the patient died. 

Autopsy confirmed the clinical diagnosis of 
fatty nutritional with and 
severe esophageal varices. The kidneys, on 


cirrhosis active 


macroscopic study, were unremarkable and, on 


histologic examination, showed changes of 


benign nephrosclerosis. 
Retrograde pyelography on June 20, 1967, in 


" From the Department of Radiology, 


lic. 1. Bilateral retrograde pyelogram reveals mul- 
tiple ureteral diverticula in the abdominal seg- 


ments of the ureters. 


the postmortem room, revealed bilateral ure- 
teral diverticula (Fig. 2). 
amination, quite contrary to expectations, dis- 


However, gross ex- 


closed minimal changes. One ureter was re- 
moved and an unsuccessful attempt was made 
to reproduce ureteric diverticula by injecting 
water after tying two ends of the ureter. 


DISCUSSION 


Holly eż 47? reported urinary infection in 
all of their cases, conjecturing that these 
diverticula represented gland-like meta- 
plastic epithelial response to infection or 
simply pseudodiverticula. Infection, ure- 
teral calculi and lower urinary tract ob- 
struction have been prominent features in 
the reported cases. 

Infection, as the main basis of explain- 
Ing the pathogenesis, is difficult to accept 
because urinary tract infection is common 
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lic. 2. Magnified view of an af- 
fected ureteral segment on the 
postmortem retrograde  pyelo- 
gram. 


vet multiple ureteral diverticula are rare.! 
Lack of significant urinary infection in our 
case supports the theory that local con- 
genital weakness of ureteral wall is an 1m- 
portant etiologic factor. Conditions such as 
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infection and obstruction mav play a sec- 
ondarv role. 

Diagnosis of the condition 1s mainly 
roentgenologic. This abnormality can be 
easily overlooked on an autopsy examina- 
tion as the external surface of the ureters 
reveals no more than minimal bulgings, 
too subtle to be appreciated on gross ex- 
amination. 

SUMMARY 

A case of ureteral diverticulosis 1s. pre- 
sented. The pathogenesis is primarily. at- 
tributed to inherent local weakness of the 
ureteral wall. 


Shiv Navani, M.B., F.F.R. 
Department of Radiology 
Boston City Hospital 

818 Harrison Avenue 
Boston, Massachusetts 02118 
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DEIERMINATION OF TRANSPORTED URETERIC 
VOLUME IN DOGS BY CINEROENTGENOLOGIC 
ANALYSIS* 2 


By RAYMOND GRAMIAK, M.D., and PAUL ROSS, M.B., B.S. 


ROCHESTER, NEW YORK 


HE kidneys of a healthy individual 

excrete approximately equal volumes 
of urine.” Many diseases involve the kid- 
neys unequally and alter this normal rela- 
tionship. Since urography often gives no 
indication of functional disparity, a method 
of analyzing the roentgenographic images, 
which permits quantitative comparison of 
the volume excreted by each kidney, would 
enhance its usefulness. 

Transport of excreted urine is initiated 
in the ureteral cone. This is the segment of 
proximal ureter that communicates with 
the renal pelvis and fills during the resting 
phase. It is delineated distally by the 
advancing head of the column of fluid 
and proximally by the contraction of the 
ureteropelvic junction. Thus, only the con- 


tents of the ureteral cone are transported 


by contraction waves? No significant 
amount of urine escapes the renal pelvis 
during the phase of contraction’ so that a 
clearly delineated bolus is formed repre- 
senting a well-defined fraction of the 
urinary output. 

The following experiment was designed 
to evaluate the mechanism bv which the 
dog ureter handles changing rates of 
urinary flow and to develop a method for 
a quantitative estimate of transported 
ureteral content. In principle, the method 
selected emplovs cineroentgenographic re- 
cordings and measurements of the boluses 
as they form at the ureteral cone. 


METHOD 
Four mongrel dogs were studied, 3 fe- 
male, 1 male. Their weights ranged be- 
tween I4 and 20 kilograms. All were anes- 


thetized with intravenous barbiturates. 
Nephrostomies were performed through an 


anterior abdominal incision. by lateral 
needle puncture and passage of a PE 1go 
catheter medially into each renal pelvis. 
The technique was modified in the fourth 
study when an axial puncture of the kid- 
ney and renal pelvis with a side-hole cath- 
eter emptying into the renal pelvis was 
used. Saline irrigation revealed no leakage 
at any puncture site. 

The position of the catheter tip was 
verified by fluoroscopy and adjusted so that 
it lay in the renal pelvis. The bladder was 
drained by urethral catheter. During each 
experiment, pressure was recorded con- 
tinuously in each renal pelvis as well as in 
the bladder. 

Harvard infusion pumps were attached 
to the nephrostomy tubes and angio-con- 
rav was delivered at various rates to both 
sides simultaneously. Equal as well as 
unequal infusion rates were used, the vol- 
ume ranging from I.O cc. per minute to 
O.I25 cc. per minute. Approximately 1i; 
studies were made on each dog. 

At the end of the experiment, catheters 
were tied into the lower ureters and urine 
was collected from each kidnev to deter- 
mine urinary excretion. The dogs were 
then sacrificed, the kidnevs removed, ex- 
amined grosslv, and weighed. 

Cine studies were made on 35 mm. film 
at 12 frames per second using a Philips 5 
inch image intensifier and an Arriflex 
camera. Each pair of infusion rates was 
filmed for approximately 2 minutes. Single- 
trame analysis of 16 mm. reduction prints 
permitted identification of the instant when 
a peristaltic contraction separated the 
contents of the ureteral cone from the 
pelvis (Fig. 1, Æ and B). The frame at 
which this occurred was recorded and the 


* From the Department of Radiology, The University of Rochester Medical Center, Rochester, New York. 
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o 


(A) The formation of the ureteral cone of the left kidney is shown. (B) Two-thirds of a second 


later a contraction wave has separated a discrete bolus from the contrast filled pelvis. 


image of the bolus was traced for each peri- 
staltic cycle during the 2 minute recording 
using a standardized projection technique. 

The length of each bolus was measured. 
When bends or kinks made direct measure- 
ment impossible, the ureter was “‘straight- 
ened” as illustrated in Figure 2 and the 
average length was determined. 

Measurements of bolus areas were made 
from copies of the tracings by cutting them 
out and weighing them. The areas were 
calculated by comparing the weights with 
those of specimens of a known area ob- 
tained from the same paper. The average 
bolus area was determined. 

The width of the individual boluses could 
not be measured directly because they were 
narrow, uneven, and often kinked. We 
calculated an average "width" by dividing 
the average length into the average area. 
This produced a theoretic rectangular 
bolus with identical area. Multiplying the 
area of this idealized image by the calcu- 
lated value for width creates a theoretic 
third dimension, a “volume.” The average 


bolus volume was determined for each in- 
fusion rate. 

To evaluate the effectiveness of these 
various parameters in predicting excreted 
volume, the product of the peristaltic fre- 


T 





Fic. 2. Diagrammatic representation of the tech- 
nique used for measuring a crooked bolus. The 
width, W, was derived by determining the area of 
the bolus image and dividing by the length, mea- 
sured as in the illustration. 
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quency and the length, area, and volume 
was determined. These were called length 
factor, the area factor, and the volume 
factor. 

The dog’s urinary excretion, as deter- 
mined by collection at the end of the ex- 
periment, was added to the infusion rate 
to obtain the best estimate of the volume 
of opacified urine that passed through each 
ureter per minute during each study. This 
"true" excretion volume formed the basis 
for comparison and evaluation of the values 
of the three factors observed experimen- 
tally. 

RESULTS 

Approximately 25 observations yielded 
no usable data for various reasons and are, 
therefore, not included in the study. This 
was usually due to fusion of boluses when 
the elongating ureteral cone would collide 
with the tail of a slowly moving bolus 
ahead of it. When contraction of the pelvis 
occurred, it was impossible to separate the 
new from the previous bolus. Occasionally, 
the fusion was retrograde, and the preced- 
ing bolus or a portion of 1t would pass 
backward. These artifacts may be due to 
excessive surgical manipulation of the 
pelvis or ureter during insertion of the 
catheter. Large boluses occasionally ran 
out of the frame, especially on the left side 
where the kidney lay quite low in the 
abdomen. Failure to achieve infusion for 
various reasons eliminated other studies. 
When the rate of injection was low, the 
urinary excretion occasionally produced 
so much dilution that the record could not 
be interpreted. 

Gross examination of the kidneys showed 
no abnormality and approximately equal 
weight in each animal. 

Monitoring of pressure in the renal 
pelves and bladder produced no useful 
information. bearing on this study. The 
renal pelves showed no peristaltic activity 
in the dogs studied with the modified 
nephrostomy technique. However, when 
the tip of the infusion catheter lay near the 
ureteropelvic junction, pressure waves were 
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recorded. We could demonstrate no corre- 
lation between the form or size of the pres- 
sure waves and the volume transported. In 
all cases, the bladder pressure was kept 
under 10 mm. of mercury. 

The usable data consisted of 76 observa- 
tions from which values for the length 
factor, area factor, and volume factor were 
obtained. Figure 3, 4, B and C illustrates 
the distribution of determinations of the 
length factor, area factor, and volume fac- 
tor plotted against “true” excretion rate. 
Each of the factors was treated separatelv 
as a dependent variable and a simple linear 
regression on true excretion rate was calcu- 
lated. The correlation coefficients relating 
the "true" excretion rate with the length 
factor, area factor and volume factor are 
0.77, 0.84 and 0.83, respectively. These in- 
dicate a close linear relationship between 
each of these factors and the “true” ex- 
cretion rate. The fitting of a straight line to 
the relationship between each of the fac- 
tors and “true” excretion rate may be 
regarded as a calibration technique. The 
"true" excretion rate may be estimated 
by entering on the Y axis and reading the 
excretion from the line. The error associ- 
ated with each of the factors used in this 
manner can be found directly from experi- 
mental data by comparing the observed 
excretion (X) with the measured “true” 
excretion (X). The error (X-X) can be ob- 
tained from each experiment and the stan- 
dard deviation of these errors is an esti- 
mate of over-all errors associated with a 
particular factor. These are shown in 
Table 1. Although there is no statistically 
significant difference among these, the 
area factor, which had the smallest stan- 
dard deviation, was used in our analyses. 

Since there is some error in predicting 
the “true” excretion rate using any of these 
factors, the method is not suitable for com- 
pletely accurate determination of “true” 
excretion. However, it could be used as a 
screening procedure to determine if there 
Is a difference in renal excretion rates. 

The standard deviation of the difference 
in excretion rates using the area factor 1s 
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the square root of 2 multiplied by o.21 
—0.3. On this basis a significance rule can 
be devised for deciding when there is a real 
difference in excretion rate. Such a rule 
would have the usual two kinds of mistakes 
associated with it. The first is reporting a 
difference when in fact there is none (false 
positive). The other is deciding that there 
is no difference when one exists (false nega- 
tive). The rule selected is to report as 
different all observed differences in excre- 
tion rate above 0.2 cc. per minute. This 
gives a false positive rate of 5o per cent. 
Figure 4 shows the proportion of true 
differences detected under the conditions 
of this rule. As the size of the true difference 
increases, the percentage detected also in- 
increases. Thus, a true difference in excre- 


AREA FACTOR 
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Fic. 3. (4, B and C) Scatter diagrams for 
each of the factors plotted against "true" 
excretion (infusion rate plus urinary 
excretion). The regression formula from 
which the calibration line was drawn is 
inserted in each graph. The figures in 
parentheses are the standard error of the 
regression coefficient and of the Y inter- 
cept. ` 


tion rate of 0.45 cc. per minute will be de- 
tected 80 per cent of the time. The prob- 
ability of a false negative depends on the 
magnitude of the true difference. 

The frequency of peristaltic contractions 
ranged from 7 per minute to 31 per minute; 
the average was 20.0 per minute. There 
was no correlation between the frequency 
of contractions and the infusion rate. The 
greatest variation of peristaltic frequency 
occurred with an infusion rate of 0.25 cc. 
per minute, the smallest at the highest 
rates. 


DISCUSSION 


Our work confirms the findings of Mor- 
ales and co-workers* that there is no con- 
sistent change in peristaltic frequency with 
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lic. 4. Percentage of true differences in excretion 
detected when all observed differences of 0.2 cc. 
per minute or more are reported as different. Note 
that when the true difference in excretion rate is 
0.45 CC. per minute or more, 8o per cent of these 
will be detected. 
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changing rates of urinary flow, at least 
within the physiologic range. Nevertheless, 
better correlation with "true" excretion 
was obtained by including the peristaltic 
frequency as well as the size of the bolus in 
the calculations. 

The standard deviations for the length, 
area, and volume factors for estimating ex- 
cretion rates are not significantly different 
from one another. This indicates that an 
increase of bolus length is the main change 
with increasing ureteral flow rates, confirm- 
ing the impression of Bovarsky.! 

The area factor shows the smallest 
standard deviation. It 1s derived directly 
from the cine study without introducing 
artificial methods to develop parameters, 
such as length or width that may then be 
manipulated. The approach of the volume 
factor offers no advantage in estimating 
total excretion. It is probably best to use 
the area factor because 1t is easier to mea- 
sure than the volume factor and may be 
slightly more accurate than the length fac- 
tor, 
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TABLE I 
ESTIMATED STANDARD DEVIATION FOR LENGTH, 
AREA AND “VOLUME” FACTORS WHEN 
USED TO ESTIMATE EXCRETION 











Estimated Standard 


Factor bae 
Deviation 





Length 
Volume 


There are several considerations that 
might explain the experimental error of 
this method. Probably most important is 
the very small volume of each bolus as it 
formed. If the true excretion rate was 1.0 
cc. per minute and the peristaltic frequency 
25, then each bolus would have a volume of 
0.04 cc. and the potential for error in ob- 
serving such a small volume would appear 
great. This is compounded when an ob- 
served parameter such as area is multiplied 
by the high frequency rate to produce the 
area factor. We expect that the accuracy of 
the method will be greater if the volume of 
the individual bolus is greater and the 
peristaltic frequency lower, as is the case in 
humans. 


SUMMARY 


The kidney pelves of 4 mongrel dogs 
were infused with contrast media at known 
constant rates through nephrostomy tubes. 
Cine studies were carried out as boluses 
formed at the ureteral cone. From these 
studies, the average length, average area, 
and average ''volume" of the boluses were 
determined for various flow rates. Each 
was multiplied by the observed peristaltic 
frequency to produce length, area, and 
volume factors. Urinary excretion was de- 
termined for each dog and added to the 
infusion rate to estimate total excretion. 
Statistical analysis of results revealed very 
good correlation with “true” excretion and 
only small differences in the usefulness of 
each factor to enable prediction of total 
excretion. Area and volume factors are 
slightly better than length factors. Since 
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the area factor is more simply derived, it is 
the method of choice for the small boluses 
occurring in the dog’s ureter. The accuracy 
of the method is such that it would appear 
best suited to serve as a screening method, 
recognizing as different those determina- 
tions with observed differences in excretion 
above 0.2 cc. per minute. The associated 
rate of false positives and the rate of false 
negatives is presented. 

The ureter adapts to increasing volume 
by elongation of the contrast bolus formed 
and no detectable widening. There is no 
consistent change in the frequency of peri- 
staltic contractions with changing rates of 
urinary flow in the physiologic range. 


Raymond Gramiak, M.D. 
Department of Radiology 
University of Rochester 
Medical Center 
Rochester, New York 14620 


Transported Ureteric Volume in Dogs 
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PRECISION OF ANATOMIC MENSURATION FROM 
ROENTGENOGRAMS: A CYSTOURETHRO- 
GRAPHIC STUDY* 


By MELVIN ZELEFSKY, M.D.1 


BRONX, NEW YORK 


ITH recent advances in therapeutics, 

greater efforts have been made to ex- 
tract as much information as possible from 
current diagnostic procedures. One ap- 
proach of interest 1s that involving the 
mensuration of anatomic structures to 
evaluate and quantitate the extent of an 
abnormality. Obviously, before one can 
develop and apply mathematical formulas 
in a svstem where measurements are made 
from a roentgenogram, it is of the ut- 
most importance to establish the inherent 
error in the ability to measure anatomic 
landmarks roentgenographicallv and the 
ability to reproduce these measurements. 

Recently, Geller and co-workers! have re- 
ported a good clinical response in a group of 
patients with benign prostatic hypertrophy 
treated with hvdroxv progesterone caproate 
(delalutin). In addition to symptomatic 
improvement, a reduction in residual urine 
was demonstrated. Furthermore, examina- 
tion of serial biopsies during the course of 
therapy bv conventional and electron 
microscopic methods revealed histologic 
atrophv of the hypertrophied prostate. 

A radiologic method for the estimation 
of prostatic weight as described by Thu- 
mann? was also emploved and this too 
showed diminution in prostatic size. This 
procedure involved retrograde cystoure- 
thrography for the delineation of the intra- 
vesical protrusion of the prostatic mass 
and the proximal urethra including the 
external sphincter. The study was per- 
formed by a urologist and interpreted by a 
radiologist. 

Subsequently, the author performed and 
interpreted all cystourethrograms in Gel- 
ler's study. A report by Vermooten and 


Schweinsberg? describing their inability to 

duplicate Thumann’s results, and occa- 

sional unexpected results in our series, 

prompted the performance of this study. 
METHOD 

In 1951 Thumann? described a method 
for evaluating prostatic size. He considered 
the length of the prostatic adenoma to be 
the distance from the verumontanum to 
the top of the intravesical protrusion of the 
prostatic mass, as seen on anteroposterior 
roentgenograms obtained during retro- 
grade cvstourethrographv. The distance 
between the lateral extents of the prostatic 
filling defect at its widest part was con- 
sidered the horizontal diameter. Since the 
external sphincter was more readily located 
than the verumontanum, this was used as 
a landmark as it is usually 1.5 cm. distal to 
the verumontanum (Fig. 1, 7 and B). 

From these measurements he derived the 
mean radius of the prostate and found that 
the weight of the adenoma could be pre- 
dicted by the formula R?X2=W, where R 
is the mean radius 1n centimeters and W 
the weight of the prostate in grams. The 
range of error reported was: +4 grams 
for adenomas weighing 25 grams; +8 
grams for adenomas weighing 25-50 grams; 
and +10 grams for adenomas weighing 
more than 50 grams. 

In order to increase confidence in the 
determination of these landmarks, all ex- 
aminations in our series were made with at 
least 4 exposures with varying increments 
of contrast medium instilled. The roent- 
genogram best demonstrating the land- 
marks was used for the calculations. 

To test the ability to reproduce the re- 
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Cystourethrographic Study 





Itc. 1. (4) Cystourethrogram in patient with prostatic hypertrophy. (B) Line drawing demonstrates land 
marks used for calculating prostatic weight. DT—Transverse diameter. DV-Vertical diameter. ES- External 


sphincter. 


sults, the examinations were repeated after 
I week on 15 occasions and with a 2 week 
interval in 6 cases. The therapeutic regimen 
was unchanged between examinations. 

The results were compared with a simi- 
lar series where Thumann's technique was 
modified bv having the bladder filled with 
air prior to retrograde instillation of posi- 
tive contrast material. 

RESULTS 

The need tor multiple exposures during a 
single examination was apparent when it 
was observed that there was considerable 
variation of both diameter measurements 
on different roentgenograms in a single 
series. This was true even though diameter 
measurements were made only when the 
landmarks were thought to be well demon- 


strated. 
Of 43 different examinations consisting 


of multiple roentgenograms with varied 
amounts of contrast medium, 21 were with 
conventional "single" contrast ( Thumann) 
and 22 with "double" contrast medium. 

Measurements of the transverse diam- 
eter varied in a single examination bv an 
average of 2.9 mm. and of the vertical 
diameter by an average of 2.6 mm. Using 
the double contrast technique, similar re- 
sults were obtained; the average variation 
of the transverse diameter was 2.3 mm. and 
that of the vertical diameter 3.8 mm. 
(Table 1). 

Assuming that little change in prostate 
size 1s likely in a 1-2 week period, the re- 
producibility of the method was evaluated 
with the patient as his own control. 

This was done by using those measure- 
ments obtained from the roentgenograms 
where the landmarks were best demon- 
strated and comparing them with similar 
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TABLE | 


AVERAGE VARIATION OF DIAMETER MEASUREMENTS 





Vertical 
Diameter 


Transverse 
Diameter 





.6 mm. 
3.9 mm. 


Single Contrast .9 mm. 


Double Contrast 3 mm. 





data obtained at a repeat examination 1 
week later. Fifteen cases were studied in 
this manner and an additional 6 cases 
could be evaluated, if a 2 week interval is 
to be accepted. 

The average difference between measure- 
ment of both the transverse and the verti- 
cal diameters was 4 mm. The inclusion of 
the 6 cases where there was a 2 week inter- 
val between studies did not significantly 
change this figure. 

The results were almost identical in 
those studies where double contrast was 
used. In patients having both single and 
double contrast examinations, the double 
contrast method tended to give a larger 
measurement of the horizontal diame- 
ter. 


CONCLUSIONS 


Opacification of anatomic structures by 
radiologic methods is obviously of great 
importance in the evaluation of morpho- 
logic changes. If one wishes to express these 
changes in terms of anatomic measure- 
ments, 2 factors must be considered: (1) 
the ability to accurately demonstrate the 
anatomic landmark under consideration; 
and (2) the inherent error in the radiologic 
method used to delineate these landmarks, 
i.e., the reproducibility of the procedures. 

The data presented indicate that men- 
suration from cystourethrograms has cer- 
tain definite limitations. 


A. In any single examination multiple 
exposures with varying amounts of 
contrast medium must be used in or- 
der to best localize the extent of the 
prostatic mass and the site of the 
external sphincter. 

B. The diameters of the prostatic mass 
can be determined by this method 
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with precision no greater than 4 mm. 
Using the Thumann formula for pro- 
static weight, a 22.4 per cent error is 
thus inherent in the method for a so 
gram prostate. It would theretore 
seem reasonable to disregard the em- 
pirical formula for prostatic weight 
and consider significant only diameter 
changes greater than 4 mm. 
Precision is not increased by using a 
"double" contrast method. 

One cannot compare results obtained 
from a single contrast examination 
with those obtained from a double 
contrast method. 


SUMMARY 


Forty-three cystourethrograms were 
made for the specific purpose of demon- 
strating the external sphincter of the ure- 
thra and the intravesical protrusion of the 
prostate. Multiple exposures with varying 
increments of contrast medium were ob- 
tained in each study. In 21 cases the study 
was repeated in a 1—2 week interval. 

The precision of measurements in any 
single examination is presented as well as 
the reproducibility of the results. The use 
of a double contrast method did not affect 
the results. 


Department of Radiology, 

Albert Einstein College of Medicine 
1300 Morris Park Avenue 

Bronx, New York 10461 
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CINECYSTOURETHROGRAPHY IN PATIENTS WITH 
SPINAL CORD INJURIES* 


By L. J. PEHA, M.D., A. E. COMARR, M.D., and E. BORS, M.D. 


LONG BEACH, CALIFORNIA 


OENTGENOLOGIC observation of 
micturition in patients with spinal 
cord injury has been the object of many 
studies over the past 20 years. Although 1t 
is possible to assess dysfunction of the 
bladder by roentgenography, such as ure- 
throcystography and nonroentgenographic 
methods, the introduction of cinecystoure- 
thrography has opened new vistas. While 
the literature is replete with references on 
this method in man with a normal neuraxis, 
papers dealing with the application of cine- 
cystourethrography to patients with neuro- 
logic disorders of micturition are sparse.! 


MATERIAL AND METHOD 


Forty-six examinations were made on 39 
patients with traumatic conditions of the 
spinal cord; of these, 20 patients had upper 
motor neuron lesions and 19 had lower 
motor neuron lesions. Of the patients with 
upper motor neuron lesions, 15 had com- 
plete and § incomplete lesions. In the lower 
motor neuron group 14 patients had com- 
plete and § incomplete lesions. The method 
of designating upper and lower motor neu- 
ron function is not the condition of spastic- 
ity or flaccidity of the extremities, but the 
condition of detrusor and pelvic floor func- 
tion. The ice water and bulbocavernosus 
tests were used for diagnosis. 

All of the patients were males. The ages 
ranged from 18 to 50 years in the upper 
motor neuron group, and from 23 to 49 
years in the lower motor neuron group. The 
segmental levels ranged from C-4 to L-3 in 
the upper motor neuron group, and from 
T-11 to L-3 in the lower motor neuron 
group. In the upper motor neuron group 2 
patients with lumbar lesion had a spastic 
detrusor but flaccid pelvic floor. In the 
lower motor neuron group 1 patient had 


an alcoho! block which converted his origi-: 
nal upper into a lower motor neuron lesion. 
The interval between the date of injury 
and the date of examination ranged from 
d of a year to 21 years in the upper motor 
neuron group, and from 1 year to 24 years 
in the lower motor neuron group. 

We used various contrast media but 
found no significant difference among those 
used: skiodan (methiodal) in 20 per cent 
solution, cystokon (sodium acetrizoate) 1n 
30 per cent solution and hypaque (sodium 
diatrizoate) in 25—40 per cent solution. In 
patients with lower motor neuron lesions 
we first used a direct bulb-syringe tech- 
nique to fill the bladder through a catheter 
but resorted later to the Murphy drip 
technique. From a Kelly flask suspended at 
60 cm. height above the symphysis, 120 
gtt/min. were allowed to enter through a 
French No. 18 whistle tip latex rubber 
catheter. 

In patients with upper motor neuron le- 
sions we first used ice cooled contrast me- 
dium with the drip method, but we soon 
found that even a fast drip did not deliver 
enough cold material into the bladder. 
Thereafter, we used routinely the ice water 
test technique. Between 60 to 100 ml. of 
ice cooled contrast medium was rapidly in- 
stilled through a whistle tip catheter from a 
Janet syringe of 400 ml. capacity. Filming 
started with instillation; with this method 
catheter and bladder contents were rapidly 
expelled reflexly. 

Measurements of diameters of the blad- 
der, vesical neck, prostatic urethra and an- 
terior urethra, done in the beginning of the 
study, were abandoned because they failed 
to produce findings of any statistical sig- 
nificance. The contours of the above struc- 
tures, their movements, the presence of 
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complete. Study was made on November 13, 1965 
and descent of vesical neck indicating lower motor 

prostatograms and vesicoureteral reflux 
were evaluated. In a limited number of pa- 
tients, where it was possible, the average 
flow rate was computed by counting the 
frames and measuring the volume of fluid 
instilled and expelled. 

These studies were made with a 9 inch 
high-gain image intensification tube with 
vidicon television for viewing, and 35 mm. 
cine, with a synchronous camera pulsing 
the exposures at 73 frames per second, for 
recording. This combination ensures mini- 
mum radiation exposure to the patients 
and personnel. 


RESULTS 


There was a difference between the void- 


ing mechanism of patients with lower mo- 
tor neuron lesions and those with upper 


motor neuron lesions. 

Lower motor neuron lesions. The bladder 
contour was spherical, oval, pear-shaped 
or triangular with a funnel-shaped base 
and bladder neck. During micturition by 
abdominal straining, in practically all in- 
stances, a piston effect appeared which 
caused flattening or concavity of the blad- 
der dome with associated descent of the 


flaccid pelvic floor (Fig. 1, Z and 5). This 
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M.M., male, was 21 years of age at date of injury, June 17, 1944. Level of lesion L-5 is segmentally 
. (4) Before and (B) during voiding. Note piston effect 
neuron bladder. 


descent measured from 1-4 cm. at the blad- 
der neck. 

In 3 patients prostatograms were ob- 
served. A bilateral low pressure reflux was 
noted in 1 patient only during filling. In a 
second patient, 1soperistalsis of the right 
ureter, filled by reflux, was seen during the 
intervals between voiding attempts. In a 
third patient right reflux with antiperistal- 
sis appeared at a volume of 75 ml. 

Two patients with reflux also had prostat- 
ograms. The third patient with prostato- 
gram had previous reflux, not observed 
during this study. 

The flow rates varied, at least in part, 
with the bladder volumes in 7 patients in 
which they were measured. They ranged 
from a low of 1 ml./sec. at 10 ml. volume 
to a maximum of 67 ml./sec. at a volume 
of 450 ml. However, on analyzing volume 
versus flow rate, no relationship could be 
demonstrated. 

Upper motor neuron lesions. The bladder 
contour was in the majority, round, in 4 
patients pear-shaped and in 1 patient oval. 
A small to moderate size funnel was seen 
in 15 of the 20 patients. Micturition oc- 
curred by concentric contraction including 
those whose bladder was pear-shaped (Fig. 
2, 4, B and C). There was neither a piston 
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effect nor a descent of the bladder base, 
with the exception of 1 patient who had a 
positive ice water but a negative bulbo- 
cavernosus reflex. The contraction of the 
bladder was eventually complete in all 
patients who received an ice cooled radio- 
paque medium. In § patients micturition 
was intermittent or spurting. Urinary spurts 
were associated with sustained digital 
rectal stimulation in one, after removal of 
the digit from the rectum in another, and 
was terminal without rectal stimulation in 
the remaining 3 patients. 

Only one prostatogram was observed. A 
dilated prostatic urethra was found in 7 
patients. Only 1 patient had vesicoureteral 
reflux. This disappeared on the second 


Fic. 2. T.F., male, was 23 years of age at 
date of injury, November 6, 1966. Level 
of lesion T-9g is segmentally complete. 
Study was made on March 21, 1967. (4) 
During filling, (B) during voiding, and 
(C) at completion of micturition. Note 
spherical bladder, concentric with open 
vesical neck, eventuating in complete 
emptying of bladder. There is no descent 
of vesical neck. 


examination done under spinal anesthesia. 

In 6 patients the flow rate was calcu- 
lated; it ranged from a minimum of 3 ml. 
sec. at a volume of 50 ml. to a maximum of 
12.5 ml./sec. at a volume of 100 ml. Again, 
analvsis of flow rate versus volume showed 
no consistent relationship. In 1 patient re- 
turn flow of residual opaque medium from 
the prostatic urethra into the bladder was 
observed. 


DISCUSSION 


Our present study has essentially con 
firmed the findings of Davidson, Morales 
and Becker.! The difference of bladder con- 
tour during voiding was conspicuously 
characteristic for upper and lower motor 
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neuron bladders, respectively. This is at 
variance with previous findings of static 
cystograms.? 

Very characteristic for the lower motor 
neuron (strain) bladder was the constant 
appearance of the "piston" effect on the 
dome. This piston effect is sustained during 
the entire voiding period and is associated 
with a more or less, but always definite, 
descent of the pelvic floor, except for 3 
among 19 patients. One of these had a 
transurethral resection. with 
the descent is the passive opening of the 
vesical neck from the sustained increase of 
transmitted intra-abdominal pressure. 

Conversely, no piston effect was noted 


Associated 


in the upper motor neuron bladder which 


opened the vesical neck by concentric de- 
trusor contraction without its descent. In 
I patient only was concentric contraction 


of the detrusor associated with a descent 
of the pelvic floor. He had an upper viscero- 
and lower somato-neuron lesion, demon- 
strated by positive ice water and negative 
bulbocavernous reflex. In another patient, 
with a complete upper motor neuron blad- 
der, descent of the pelvic floor was observed 
when strain was used to initiate detrusor 
contraction. 

Voiding may be continuous or inter- 
rupted with either upper or lower motor 
neuron bladders. In the former it is of 
spurting or intermittent type, as is also 
the case in embarrassed normal subjects.’ 
In the latter it depends upon the ability of 
the patient to sustain an abdominal pres- 
sure. 

Flow rates, when calculated in a limited 
number of patients, showed a difference 
between lower and upper motor neuron 
bladders. While the flow rate in lower 
motor neuron bladders ranged from a mini- 
mum of ro ml./sec. to a maximum of 67 
ml./sec., it ranged from a minimum of 3 
ml./sec. to a maximum of 12.5 ml. /sec. in 
patients with upper motor neuron lesions. 
However, patients with upper motor neu- 
ron lesions were usually examined with ice 
cooled opaque medium in simulation of an 
ice water test, and therefore smaller vol- 
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umes were generally admitted than in lower 
motor neuron bladders. On individual eval- 
uation of each patient, no correlation could 
be found between volume and/or level and 
flow rate. Ice cooled opaque medium was 
used as an expedient to elicit micturition, 
which is obviously not a physiologic test 
even for a pathologic condition. Large vol. 
ume excretory cinecystourethrography may 
shed more light on the subject of flow rate. 

In 1 patient, urethral relaxation during 
voiding was excessive and reciprocal with 
bladder contraction, and beyond the degree 
seen from pelvic floor inhibition alone. This 
was not dissimilar from previous observa- 
tions of the urethra demon- 
strated on static urethrocvstograms.* This 
would suggest a nervous rather than pure 
hydrodynamic mechanism as postulated by 
Girado and Campbell? in cat experiments. 

Incidental observations concerned pro- 
statograms and reflux; both complications 
occurred in I upper and 3 lower motor 
coincl- 


patulous 


neuron bladders, respectively. A 
dental finding was that prostatogram was 
associated with a rigid pelvic floor which 
did not descend in 2 patients with lower 
motor neuron bladders. One of these origi- 
nally had an upper motor neuron lesion 
which was converted to a secondary lower 
motor neuron lesion bv a subarachnoid 
alcohol injection. The other had a supra- 
pubic cystostomy. 


SUMMARY 


Cinecystourethrographic studies of 39 
patients with traumatic spinal cord lesions 
demonstrated the following: (a) 20 patients 
with upper motor neuron lesions voided 
with concentric bladder contraction 
sentially without descent of the vesical 
neck; and (b) 19 patients with lower motor 
neuron lesions voided bv abdominal strain 
resulting in a "piston" effect 
with a descent of the vesical neck. 
Calculation of the flow rate showed that 
it was greater with lower than with upper 


CS- 


associ ated 


motor neuron lesions. 
Incidental findings were prostatograms 
and reflux. 
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PERCUTANEOUS TRANSJUGULAR APPROACH 
TO ADRENAL VENOGRAPHY* 


By JAMES W. LECKY, M.D.1 


LOS ANGELES, CALIFORNIA 


ONDY and Altrock? in 1953 have been 

credited with the first. nonselective 
adrenal venous blood sampling for the 
assessment of the rate of output of 17 
hydroxycorticosteroids. They introduced a 
catheter into the left renal vein, but not 
selectively into the adrenal vein. Masoni”! 
in 1957 selectively catheterized the right 
adrenal vein via the basilic route. Recent 
interest in percutaneous adrenal venog- 
raphy was rekindled by Starer in 1965, 
and further sophisticated by Reuter and 
associates!’ in 1967. 

Our interest in selective adrenal venog- 
raphy arose primarily because of the pres- 
ent limitations of the roentgenographic 
demonstration of adrenal enlargement and 
tumors, especially small tumors contained 
within the adrenal substance. Plain film 
evidence of noncalcified adrenal pathology 
is of very limited usefulness unless the 
lesion is large. The intravenous pyelogram 
is frequently normal. Retroperitoneal air 
insufflation studies are difficult to interpret, 
are not without risk, and reveal only the 
general size and shape of the gland. Lami- 
nagraphy in conjunction with retroperito- 
neal air insufflation is an improvement but 
it still has its limitations. Adrenal arteri- 
ography has been disappointing prior to 
the use of selective angiography, which is 
still technically difficult. The adrenal gland 
receives its arterial supply via renal, aortic, 
and inferior phrenic branches. The latter 
may arise from the aorta or celiac axis. 
Kahn? has selectively catheterized the in- 
ferior phrenic arteries but this procedure 
is still difficult. 

Some adrenal tumors such as pheo- 
chromocytomas and some carcinomas are 
quite vascular, although not always,” and 
hence may not be visualized by arteriog- 


raphy. Arteriographv in pheochromocy- 
toma is hazardous due to stimulation and 
release of catecholamines with a resultant 
rapid rise in. blood pressure.’:'® Deaths 
following aortography in the presence of 
pheochromocytomas have been re- 
ported./^!? Both were associated with 
retroperitoneal hemorrhage following a 
postaortographic hypertensive crisis and 
subsequent uncontrollable shock. Arteriog- 
raphy in suspected pheochromocytomas 
must be done under careful control.? The 
response of a pheochromocytoma to selec- 
tive adrenal venographv has not been re- 
ported but we can assume the possibility 
of a hypertensive crisis and be appropri- 
ately prepared. 

Arteriographically demonstrable patho- 
logic vessels or hypervascularity are usu- 
ally not seen in other adrenal lesions such 
as adenomas and hyperplastic enlargement. 

Venography offers much better visuali- 
zation of the entire adrenal gland than does 
arteriography. It is the best method pres- 
ently available to determine adrenal size, 
configuration, and internal anatomy. Small 
tumors are demonstrable by displacement 
of normal veins partially encircling the 
tumor, and the capsular veins are dilated.'® 
Hyperplasia is noted by gland enlargement, 
loss of the normal venous architecture, 
and, at times, some increase in venous di- 
ameter. 

The transjugular approach may make 
catheterization of the left adrenal gland 
easier than by the more frequently used 
femoral route.!:?:4:5:14.18.20.21 Tt apparently 
offers no particular advantages for right 
adrenal venography. This retrograde route 
is different from Masoni's!! method only 
in site of entrance and the addition of a 
controllable guide wire within the catheter. 


* From the Department of Radiology, UCLA School of Medicine, Center for the Health Sciences, Los Angeles, California. 


+ Assistant Professor of Radiology. 


380 





VoL. i04, No. 2 


VENOUS ANATOMY 

The intra-adrenal venous drainage 1s 
divided into two systems," a peripheral 
(superficial) and a central (deep) system. 
The peripheral system collects blood from 
the zona glomerulosa and from the exter- 
nal portion of the zona fasciculata. This 
blood then drains into renal, diaphrag- 
matic (phrenic), and capsular vessels.!' 
The central system drains the zona retic- 
ularis and medulla and then empties into 
a larger central or main adrenal vein which 
emerges through the adrenal hilum. This 
central (deep) vein is the vessel which can 
be catheterized, and thus the glandular 
veins and some of the peripheral (super- 
ficial) veins can be filled by retrograde 
reversal of flow. This retrograde fill of the 
superficial venous system via injection into 
the deeper central vein is possible because 
of the rich communication between these 
two systems." These peripheral and 
central venous communications also ex- 
plain why adrenal infarction may not 
occur following central thrombosis, es- 
pecially if the thrombosis is gradual." 

In most instances, the left adrenal vein 
empties into the left renal vein and the 
right adrenal vein empties into the aorta 
above the right renal vein. As is true else- 
where in the venous system, anatomic 
variations are present and are particularly 
troublesome on the right side. This right 
adrenal vein is situated on the posterior 
lateral aspect of the inferior vena cava" 
when it enters between the hepatic and 
renal veins. Johnstone? in 1957 performed 
postmortem inferior vena cava injections 
in 10 subjects. According to his excellent 
anatomic descriptions and diagrams, a 
single right central vein was noted in 8 1n- 
stances. In only 3 cases did it empty di- 
rectly into the inferior vena cava between 
the renal and hepatic veins. The hepatic 
vein received the single right central vein 
in 4 instances, usually near the entrance of 
the hepatic vein into the inferior vena cava. 
In the last instance, the single vein emptied 
into a small accessory right inferior vena 
cava and hence into the right renal vein. In 
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2 cases the central veins emptied into the 
inferior vena cava between the renal and 
hepatic veins via two and three branches, 
respectively. 

The left central adrenal vein was single 
in all of Johnstone’s 10 subjects and emp- 
tied into the superior (cephalad) aspect of 
the left renal vein 2-4.5 cm. from the 
inferior vena cava and opposite or medial 
to the caudally directed gonadal vein. This 
position is usually just at the left lateral 
margin of the vertebral column. This lett 
central adrenal vein usually joins the inte- 
rior phrenic vein before it empties into the 
left renal vein.!? 


DISCUSSION 


The position of the left adrenal vein is 
the reason for our interest in the transjug- 
ular approach. Because its drainage 1s 
either into the inferior phrenic, and hence 
into the left renal vein, or more frequently 
directly in the superior aspect of the renal 
vein, the manipulation of a femoral cath- 
eter is somewhat difficult. 

Using the femoral approach the catheter 
is placed in the long left renal vein and ad- 
vanced far laterally toward the renal hilum. 
When the approximate position of the 
adrenal vein is reached, a wire 1s placed in 
the catheter and by various manipulations 
the adrenal vein 1s entered and the cath- 
eter passed over the wire. Starer?? described 
this method and Reuter ef a/.* recently 
described a preformed curved catheter for 
retrograde femoral use with a positive 
control guide wire. 

The percutaneous transjugular route for 
catheterization of the adrenal vein is pro- 
posed. The catheter is directed more or less 
straight caudad down the inferior vena 
cava, then curved to the patient's left into 
the renal vein and, keeping the same gen- 
eral left curve, the left adrenal vein is 
entered. The right adrenal veins can also 
be entered from this transjugular method. 

The pressure in the jugular vein is 
lower than the femoral vein when the pa. 
tient is upright. This is advantageous in 
minimizing bleeding from the puncture 
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lic. 1. The Muller Guide Deflector Model 2500 assembled to show the white polyethylene catheter attached 
to the left. The very small tension knob on the extreme right at the base of the handle can be adjusted to 


vary the degree of curve W ith the handle locked. 


site after the study, especially if the pa- 
tient is an ambulatory out-patient. 


METHOD 


The internal jugular vein runs down the 
neck vertically and is situated lateral to 
the internal carotid and the common ca- 
rotid arteries. At times it 1s situated slightly 
posterior (dorsal) to the carotid artery. 

With the patient in the supine position 
and with the head turned to the left, the 
right lower facial and cervical area are 


prepped and draped under sterile technique. 
The carotid arterial pulsation 1s palpated 
and a point in the skin a short distance be- 
low the mandible, directly over or slightly 
dorsal to the carotid arterial pulsation, 1s 
anesthetized with 1 per cent local anes- 
thetic. This is usually a point just in front 


of the sternocleidomastoid muscle. With 
light digital pressure on the carotid artery 
for localization purposes only, the sub- 
cutaneous tissue is further anesthetized. 

A No. 18 gauge carotid needle is attached 
to a plain tipped glass svringe containing 
sterile saline. Again, with the carotid ar- 
tery under control and, if possible, dis- 
placed slightly anteriorly (ventrally), the 
carotid needle is directed caudally down the 
neck overlying or posterior to the carotid 
artery. If patient discomfort 1s noted, the 
needle is aspirated to be sure that no vas- 
cular structures are entered and additional 
local anesthetic may be given. The tip of 
the needle is cleared by gentle forward 


1 


pressure with saline and the needle is 
slowly withdrawn exerting negative pres- 
sure on the syringe. Ultimately the internal 
jugular vein is punctured and the syringe 
removed. 

A 150 cm. long, 0.0315 inch diameter 
flexible tipped guide wire 1s passed through 
the needle into the internal jugular vein, 
and under direct fluoroscopic visualization 
the wire 1s passed through the right innom- 
inate vein into the superior vena cava and 
hence into the right side of the heart. 
Frequently the wire will enter the inferior 
vena cava and can be passed to a point be- 
low the renal veins. At times the wire 1s 
kept in the right side of the heart and the 
guided catheter system is exchanged. A 
suitable curve is placed on the catheter 
and the inferior vena cava is then entered 
and the wire catheter system advanced 
down the vena cava. 

It is usually necessary to slightly dilate 
the internal jugular vein using a short No. 
6 or No. 7 teflon Gensini catheter. Eventu- 
ally an end hole only, 77 cm. polyethylene 
catheter with a 20 per cent barium load 1s 
passed over the guide wire and the guide 
wire removed. The catheter* has an inner 
diameter of 0.062 inches and an outer di- 
ameter of 0.083 inches equivalent to 6.3 on 
the French catheter scale. This catheter 
has the distal 6-8 cm. tapered to allow 
freedom of movement and better control. 


* RPX 062H, Becton-Dickinson, Rutherford, New Jersey. 





Vor. 104, No. 2 


This tapered tip makes the catheter end 
smaller and approximately 0.070 inches 
in outer diameter. 

We use the Muller guide deflector Model 
2500f as shown in Figure 1. Attached to the 
Muller guide deflector is a guide wire mea- 
suring in its external diameter 0.032 inches. 
The 0.025 inch guide wire is used when the 
smaller 0.065 inch outer diameter catheter 
is occasionally used for the right adrenal 
vein. 

This guided system allows a positive 
torque control over the distal end of the 
catheter as well as control of the curve, the 
tip producing varying degrees of angulation 
as shown in Figure 2. Manipulation with 
this is not difficult. When proper position 
is achieved, the catheter can be carefully 
advanced over the wire deeper into the 
particular venous structure. 

The left renal vein is located and the 
guided catheter passed peripherally into 
the region of the hilum of the kidney to a 
point lateral to the vertebral column which 
will be lateral to the point of entry of the 


adrenal vein. Utilizing small injections 


(1-3 cc.) of contrast material at low pres- 
sure injected through the catheter by a 
mechanical injector controlled by a foot 
switch, the position is confirmed and the 
catheter end hole is kept clear of clots by 
periodic small injections (1—2 cc.) utilizing 
the foot switch. 

The left adrenal vein as a rule comes ott 
at a sharp angle to the renal vein and is 
directed cephalad. A sharp curve is placed 
in the end of the Muller catheter with the 
guided deflector. The wire is kept a short 
distance proximal to the end hole so that 
the extreme tip catheter is more flexible 
than it would be if the wire extended to the 
catheter tip, and also the wire is not com- 
pletely occluding the end hole. By gentle 
manipulation along the upper margin of 
the renal vein, the left adrenal vein is lo- 
cated. Once it is located the proper angle 
for direct entry can be controlled by the 
small tension knob on the Muller handle 


t U. S. Catheter and Instrument Corp., Glen Falls, New York. 
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Fic. 2. Polyethylene, 20 per cent barium loaded 6.3 
|rench catheters, inner diameter 
outer diameter 0.083 inches with the guide wire 
producing a curve of variable angulation. Note 
the tapered distal 6-8 cm. to allow better flexibility 
which reduces the outer diameter to about 0.07 
inches. 


0.062 inches, 


base. It is important that the vein be 
entered carefully as this structure is fragile. 
The catheter is then slowly advanced over 
the wire up the left adrenal vein for a very 
short distance. 

With the patient in the anteroposterior 
or slight left posterior oblique projection, 
4-8 cc. of renografin 76 is mechanically 1n- 
jected through the catheter system into 
the left adrenal vein. The pressure required 
for good venous filling 1s between 2.0 and 
3.5 kg./cm.? or 3-5 cc. per second flow rate. 
Test injections, starting at the lower pres- 
sure, are carried out to find the optimal 
pressure for adequate adrenal vein filing 
with the minimum amount of patient dis- 
comfort. High pressures must be avoided as 
these can extravasate extensively through 
the adrenal gland and possibly rupture 
the adrenal vein itself. Carefully 
roentgenograms are taken at the rate of 2 
per second for 6 seconds. 

If a venous sample is needed for hor- 
monal assay, the Muller guide wire can be 
slowlv and very carefully withdrawn to 
allow aspiration of blood. If wire with- 
drawal is not possible without displacing 
the catheter from the vein, the wire can be 
left in place and the proximal end of the 


coned 
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lG. 3. The two chucks have been removed from the 
handle base. The base of the guide wire has been 
made airtight by the silastic tubing shown in place 
on the bottom Muller handle. This prevents air 
aspiration around the inner core of the guide wire 
and makes blood sampling possible. 


controlled guide wire covered with a silas- 
tic tubing to aid aspiration of blood sam- 
pling without the troublesome aspiration 
of air (Fig. 3). Verv small side holes near 
the catheter end also facilitate blood sam- 
ple aspiration. 

The route of the catheter through the 
inferior vena cava, left renal vein, and into 
the obliquely angulated left adrenal vein 
is shown in Figure 4. The size and shape of 
the normal gland is outlined bv the venous 
channels, which communicate 
with the renal capsular veins. The ability 
to vary the angle ot the catheter tip with 


some of 


4y 


FIG. 4. Normal left adrenal venogram. The route of 
the catheter down the inferior vena cava (IVC), 
through the left renal vein (LRV) and up the left 
adrenal vein is shown. The adrenal venous chan- 
nels communicate freely with the tortuous renal 
capsular veins. 
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the Muller guide deflector is shown, when 
the angulations of the adrenal vein are 
compared, in Figures 4 and «. 

In Figure ç a faint but perceptible blush 
of the adrenal gland is apparent as out- 
lined with the arrows. 

From these two normal patterns it is 
evident that a mass producing a filling de- 
fect of 1 cm. or conceivably even less can 
be recognized. We cannot expect this 
amount of detail from arteriography. 

Ihe right adrenal vein is searched for as 
It enters the inferior vena cava between 
the hepatic and renal veins situated on the 
posterior lateral aspect of the inferior vena 
cava. The hepatic vein and the renal vein 
can also be searched gentlv with the rela- 
tivelv soft tipped, tapered catheter. The 
inferior margin of the hepatic vein can be 
examined bv releasing the curve of the 
guide wire after the hepatic vein has been 
deeplv entered. 


SUMMARY 


The percutaneous transjugular route to 
adrenal venography is proposed. It is be- 
lieved to make left adrenal venography 


mI 


lic. §. Normal left adrenal gland. The lateral and 
inferior aspects of the gland are outlined by a faint 
blush of the glandular substance as shown by the 
arrows. The large medially placed central (deep) 
adrenal vein lies nearly on the medial border. Any 
gland enlargement or space-occupying mass could 
easily be seen. LRV — left renal vein. 
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particularly easy. The safety of the low 
pressure jugular system, especially tor out- 
patient studies, is stressed. The relative 
safety of the soft tapered polyethylene 
catheter and adjustability of the Muller 
guide deflector handle and wire cannot be 
overemphasized. 

With our present capabilities, venog- 
raphy is better than arteriography in 
demonstrating adrenal detail. Using ven- 
ography it should now be possible to detect 
glandular hyperplasia and intraglandular 
masses, even though small and avascular. 


Department of Radiology 
UCLA School of Medicine 
Los Angeles, California 90024 
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ANGIOGRAPHIC DIAGNOSIS OF BENIGN 
ADRENAL ADENOMA* 
By J. G. McNULTY, M.B., F.F.R., M. LEA THOMAS, M.R.C.P., F.F.R., and J. R. TIGHE, 
M.D., M.C. Path. 


LONDON, ENGLAND 


(Y INVENTIONAL radiography is rarely 

^ helpful in the diagnosis of adrenal 
adenomas.” Retroperitoneal gas insufflation 
and nephrotomography have been used 
with some success, but have limited value 
in the location of small tumors and in the 
demonstration of adrenal cortical hyper- 
plasia.’ 

Adrenal cortical tumors are often richly 
and hence may be demon- 
arteriography, which is con- 


vascularized 
strated bv 
sidered by many investigators to be the 
best method of locating suprarenal tu- 
mors.'??.? The average adrenal adenoma 
IS 3-4 cm. in diameter, while carcinoma of 
the adrenal is often much larger (average 
I4 cm. in diameter), usually presents with 
an adrenal mass at intravenous urography, 
and has a significant incidence of calcifica- 
tion (31 per cent). 

A case is reported which showed a large 
adrenal mass at intravenous urography; 
there was calcification which 1s rare in ad- 
renal adenoma, and a vascular blush was 
evident at arteriography. The benign na- 
ture of the lesion was confirmed at histo- 
logic examination of the resected tumor. 


REPORT OF A CASE 


M. L., a 64 year old retired nurse, was re- 
ferred from another hospital because of a 5 
month history of back pain radiating to the 
thighs. Physical examination revealed no ab- 
normalitv, but roentgenograms of the lumbar 
spine showed degenerative disk changes. There 
was also a calcification in a mass in the region 
of the left suprarenal gland which at intraven- 
ous urography (Fig. 1) appeared to be an en- 
larged adrenal gland. Her blood pressure was 
normal. 

Laboratory Findings. Hemoglobin was 13.8 
gm./1oo ml. The serum electrolytes were nor- 
mal. 

Aortography. This was performed using the 


n 
Fic. 1. Intravenous urogram. There is a large mass 
containing irregular areas of calcification in the 
region of the left adrenal gland. The left kidney is 
displaced downwards. 


retrograde femoral technique. The arterial 
phase (Fig. 24) showed no evidence of patho- 
logic vessels in the left adrenal mass. The 
capillary phase (Fig. 28) demonstrated a faint 
generalized vascular blush without pooling of 
contrast medium. The lesion, despite its size 
and the presence of calcification, was considered 
to be a benign adrenal tumor. 

Surgery. Laparotomy disclosed a large encap- 
sulated mass arising from the upper pole of 
the left kidney without evidence of extension 
of tumor through the capsule. The tumor was 
removed and the patient made an uneventful 
recovery. 

Pathology. The specimen consisted of a cystic 
adrenal gland measuring 7.5 X7X 5.5 cm. (Fig. 
3). The outer surface was smooth with some 
attached fat. A portion of the tumor was still 
recognizable as adrenal cortical tissue with an 
area of recent hemorrhage measuring 4.5 X 2.5 
cm. The remainder of the tumor consisted of 
gelatinous, partly calcified and partly hem- 
orrhagic necrotic tissue. 

Microscopically, the tumor was well encap- 
sulated and consisted of adrenal cortical cells 


* From the Departments of Diagnostic Radiology and Pathology, St. Thomas’s Hospital, London, England. 
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l'1G. 2. Aortography. (/7) Arterial phase. The mass is seen to be in the adrenal gland. There are no 
pathologic vessels. (B) Capillary phase. A faint blush is visible throughout the mass. 


of the zona fasciculata pattern. There was evi- 
dence of an old hemorrhage into the tumor re- 
sulting in necrosis of much of the tissue. In the 


ic. 3. Adrenal cortical adenoma. A recent hemor- 
rhage has occurred into the upper part of the 
tumor. The main bulk of tissue consists of blood 
clot and necrotic adrenal cortical cells. 


area of more recent hemorrhage, there were 
several dilated vascular channels lined by endo 
thelium, but there was nothing to indicate an 
angiomatous malformation. The appearance 
was that of a hemorrhagic adrenal cortical 
adenoma (Fig. 4). There was no cellular pleo 
morphism, mitotic activity, vascular invasion 
or capsular infiltration to suggest malignant 
change. 


DISCUSSION 

The direct angiographic sign of an ad- 
renal tumor is the occurrence of tumor 
vessels or the demonstration of capillary 
contrast accumulation in an enlarged su- 
prarenal gland. The contrast medium re- 
mains longer in the tumor vessels than in 
the supplying arteries. Vessels cannot be 
identified in cases of hyperplasia and nor- 
mal glands but there is capillary contrast 
medium accumulation within the gland 
substance? In malignant pheochromocy- 
toma, angiography shows an irregular dif- 
fusely outlined tumor. All benign tumors 
are well demarcated. 

Adrenal cortical adenomas are usually 





J. G. McNulty, M. Lea 


FIG. 4. Adrenal cortical adenoma. Surviving adrenal 
cortical cells are apparent beneath the fibrous 
capsule. Recent hemorrhage is seen in the lower 
part of the photograph (X 70). 


vascular and usually demonstrable angio- 
graphically but rarely attain such a large 
size as in the present case, although some 
adrenal carcinomas show obvious evidence 
of malignancy in the form of nuclear pleo- 
morphism and mitotic activity, others 
show a structure indistinguishable from 
adenomas, and it is only the presence of 
metastatic tumor or vascular invasion 
which may indicate the malignant nature 
of the tumor. To date, there is nothing to 
indicate malignancy in this adrenal ade- 
noma. 


SUMMARY 


A case of benign adrenal adenoma in a 
64 year old woman diagnosed preopera- 
tively by arteriography is reported. 
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Calcification, which is rare in a benign 
adenoma, was present in an adrenal mass 
on plain roentgenography. Arteriography 
demonstrated a faint vascular blush but no 
pathologic circulation to the tumor. His- 
tologic examination showed a benign ade- 
noma. 

The methods of diagnosis of adrenal tu- 
mors are briefly discussed. 


James G. McNulty, M.B. 
Department of Radiology 
Mercers Hospital 

Dublin 2 

Ireland 
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MALIGNANT MESENCHYMOMA OF THE 
RETROPERITONEUM* 


By ARTHUR M. SMITH, M.D.,t and JOSHUA A. BECKER, M.D.1 


NEW YORK, NEW YORK 


ALIGNANT mesenchymoma is a rare 
variety of soft tissue neoplasm found 
at multiple locations throughout the body. 
At the Columbia-Presbyterian Medical 
Center since 1940, 6 cases occurring in 
the retroperitoneal space were encountered 
out of 23 diagnosed malignant mesen- 
chymomas. 
The present material is a summary of 
8 cases (6 as noted above) of retroperi- 
toneal malignant mesenchy moma seen over 
a 40 year interval, and the illustration of 
the nephrotomographic and angiographic 
findings in 2 additional cases. 


DEFINITION 


The malignant mesenchymoma was first 
recognized as a soft tissue tumor entity by 
Dr. Arthur Purdy Stout in 1948.? It is 
commonly defined as a sarcoma of non- 
epithelial mesenchymal origin which differ- 
entiated into two or more unrelated malig- 
nant forms. These tumors are thus com- 
posed of at least two somatic neoplastic 
tissues, of differing histogenesis, not ordi- 
narily associated together in the same 
tumor. Stout has since modified his classi- 
fication to allow one of the two tissue ele- 
ments to be an “undifferentiated” sarcoma, 
since he noted unrecognizable and un- 
classifiable tumor tissue in children with 
these neoplasms.” The presence of fibro- 
sarcomatous tissue was discounted in the 
labeling of these neoplasms because of its 
widespread admixture with most single 
type sarcomas. 

Determining the site of origin of a 
retroperitoneal tumor that has extensively 
invaded or bound itself to any of the retro- 
peritoneal organs 1s usually an arduous and 
occasionally an impossible task. Neverthe- 
less, it is generally held that the malignant 


mesenchymoma arose independently in 
the retroperitoneum without any primary 
origin from the various adult structures in 
this area. 

Our clinical experience with the retro- 
peritoneal malignant mesenchymoma is 
summarized in Table 1. Cases 4, 7 and 8 
were previously included in an extensive 
review of retroperitoneal neoplasms by 
Melicow.! 


PHYSICAL FINDINGS 


A palpable mass or abdominal fullness 
was noted by the patient prior to seeking 
medical evaluation in 5 of the 8 cases. Two 
additional cases of retroperitoneal mass 
were identified during the course of diag- 
nostic evaluation for other complaints and 


a third lesion was palpated during surgery 
for a common bile duct obstruction. As has 


been noted with other retroperitoneal 
tumors, these neoplasms achieved sizeable 
proportions before recognition by either 
patient or physician. 


ROENTGEN FINDINGS 


In most cases displacement of the kidney 
without gross impairment of its urographic 
visualization was a common finding. Dis- 
placement of abdominal viscera without 
evidence of invasion or replacement was 
also noted. Amorphous flocculent calcifi- 
cations were found in 2 cases. This might be 
attributed to either osseous tissue forma- 
tion within a neoplasm or to calcification of 
necrotic areas of tumor. 

Nephrotomographic sections showed a 
nonspecific visceral opacification (total 
body opacification) quite different from the 
nephrographic effect of the kidney (Fig. 
I, 4 and B). This appearance merely 
represented the high level of contrast mate- 


* From the Departments of Urologyt and Radiology,$ Columbia-Presbyterian Medical Center, College of Physicians and Surgeons, 


New York, New York. 
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VoL. 104, No. Malignant Mesenchymoma of the Retroperitoneum 


lic. 1. (4) Case 1. Lateral nephrotomogram after a retroperitoneal gas insufflation was obtained. The kidney 
is displaced anteriorly by the neoplasm. (B) Case 5. A "thick wall" is seen outlining the large retroperi- 
toneal tumor in the tomographic study. This opacification is the result of the “total body effect” of a large 
dose of contrast medium infusion. 


l'1G. 2. Case 5. (4) The renal artery injection shows the capsular renal and ureteric supply to the mass. The 
kidney is displaced and its capsule invaded. (B) The selective intercostal injection demonstrates its supply 
to the tumor. 
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Hic. 3. Case 1. (4) The mid-aortic injection demonstrates the extrarenal blood supply. The lumbar arteries 
on the left are larger than those on the right. (B) The intrarenal and adrenal supply is shown on the selec- 


tive renal injection. 


rial within a vascularized structure. Selec- 
tive renal angiography and aortography 
showed neovascularization in. the 
plasm and illustrated the striking parasitic 
nature of the tumor’s blood supply derived 
from the existing contiguous vascular bed. 
One tumor received its blood supply from 
both capsular and perforating branches of 
the renal artery, intercostal arteries, peri- 
ureteric arteries, lumbar and iliac arteries 
(Fig. 2, Æ and B). The other case obtained 
its vascularization from the adrenal, renal 
and lumbar vessels (Fig. 3, Æ and 5). 


neo- 


PATHOLOGIC FINDINGS 


The tumors were generally of immense 
dimensions and were often closely associ- 
ated with the adjacent kidney. In the 
terminal stages of the disease direct inva- 
sion. of the kidney parenchyma or the 


perirenal fat was observed in most cases. 
Local extension to the adventitia of ad- 


of 8) 
as were metastases to the lungs (5 of 8). 
Other structures were also involved by 


jacent great vessels was common (3 


distant and local metastases, but not as 
uniformly. 


THERAPY 

Excision of the neoplastic mass was the 
most commonly performed procedure. Two 
cases were given radiation therapy in the 
postoperative period. In both of these cases 
there was subsequent local recurrence. 
Microscopic examination of these recurrent 
tumors revealed a histologic. appearance 
different from that noted prior to the radia- 
tion therapy. 

No patient in our series was cured, 
although 1 patient did live for 6 years after 
local recurrence was discovered. The aver- 
age survival after diagnosis was less than 
I year with the exception of Case 5. The 
cause of death was attributed either to 
extreme debilitation associated with exten- 
sive metastasis or to postoperative cardio- 
vascular complications. All cases demon- 
strated local and had distant 
metastases. 

Case reports of similar neoplasms in the 


recurrence 
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literature are sparse. Nash and Stout, 
in their review of malignant mesenchy- 
momas in children, reported 2 cases arising 
in the retroperitoneum. One child rapidly 
died but the other was alive 3 vears follow- 
ing tumor excision despite the presence of 
peritoneal metastases. Interestingly, the 
latter patient's tumor showed elements of 
leiomyosarcoma, liposarcoma, and malig- 
nant osteoid—a combination somewhat 
similar to that initially seen in the 6 year 
"survivor" (Case 5). This combination may 
have some prognostic significance, indi- 
cating a more “benign” form of this neo- 
plasm. 


SUMMARY 


The malignant mesenchymoma of the 
retroperitoneum is a very rare lesion that 1s 
uniformly fatal. Neither surgery nor radia- 
tion therapy has been successful in sup- 
pressing the growth of this sarcoma. 


Malignant Mesenchymoma of the Retroperitoneum 


IDS 


Angiographically, the lesion shows neo- 
vascularization; it acquires its blood supply 
from the contiguous soft tissues. 

Although displacement of the viscera 
does occur, frank destruction and invasion 
by the neoplasm are rare. 


Joshua A. Becker, M.D. 

Department of Radiology 
Columbia-Presbyterian Medical Center 
622 West 168th Street 

New York, New York 10032 
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BRACHIAL ARTERIOGRAPHY OF THE SURGICALLY 
CREATED RADIAL ARTERIOVENOUS FISTULA 
IN PATIENTS UNDERGOING CHRONIC 
INTERMITTENT HEMODIALYSIS BY 
VENIPUNCTURE TECHNIQUE? 


By BARUCH J. HURWICH, M.D.1 


BRONX, NEW YORK 


RTERIOVENOUS external shunts us- 
ing silastic-teflon tubing? made pos- 
sible repeated access to the circulation with 
sufficient flow rates for maintenance of the 
"terminal" uremic patient by chronic 
intermittent. hemodialvsis. The more re- 
cently described surgically created radial 
arteriovenous fistula! (Fig. 1) eliminated 
the complications of clotting and infection 
of the silastic-teflon shunt, and the psycho- 
logic trauma of an externalized arterial 
circuit, and permitted chronic intermittent 
hemodialysis by venipuncture technique. 
The radial arteriovenous fistula has been 
widely accepted* and is especially use- 
ful in maintaining uremic patients before 
renal homotransplantation and, if neces- 
sary, afterwards, because of the dangers 
attendant upon infection of the external 
silastic-teflon shunt. 

The complications of arteriovenous fis- 
tulae include increased cardiac output, 
blood volume, peripheral resistance and 
heart rate.? With excessive shunting, high 
output cardiac failure supervenes. Hemi- 
hypertrophy of an extremity with a fistula 
occurs in congenital cases? or after trauma 
in childhood. In the adult, the extremity 
enlarges in time due to its greater blood 
flow (Fig. 2, 4 and B). 

Typically, the artery proximal to the 
fistula dilates, due to hypertrophy of the 
median coat. Most of the 22 patients in 
our Dialysis Unit have shown a local 
aneurysmal swelling at the site of the fistula 
(Fig. 3). The veins also thicken and become 
more prominent. 

Brachial arteriography permits. visuali- 
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Fic. 1. Diagrammatic drawing of the site and ap- 
pearance of the surgically created radial arterio- 
venous fistula. 


zation of the fistula and of the involved 
vessels. The cases herein reported demon- 
strate some normal and abnormal findings 
using this technique. 


METHOD 

Under sterile conditions, after pHisoHex 
and Betadine skin preparations, the bra- 
chial arterial pulse is identified. Procaine i 


* From the Dialysis Unit, Medical Service, Veterans Administration Hospital, Bronx, New York. 
T Present Address: Department of Nephrology, Government Hospital, Tel Hashomer, Israel. 
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liG. 2. (4 and B) Photographs of the enlarged left upper extremity 1 year after creation of 
arteriovenous fistula. Note aneurysmal dilatation of the fistula area. 


l'1G. 3. Photograph of the enlarged extremity show- 
ing aneurysmal dilatation of the fistula area. Same 
patient as in Figure 2. 





Baruch J. Hurwich OCTOBER, 1968 


‘iG. 4. Case 1. (4, B and C) Flow into recipient vein at fistula is directed both distally and proximally. Ulnar 
arterial flow passes into the deep palmar arch, then retrograde through the distal radial artery into the 


fistula, The proximal radial artery is slightly dilated. Timing: (4) 3 sec.; (B) 15 sec.; and (C) 3 sec. 
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per cent solution is injected intradermally 
and into the puncture site, and a 16 gauge 
Cournand type arterial needle-cannula is 
inserted retrograde into the brachial ar- 
tery. Twenty milliliters of hypaque-M 75 
per cent are quickly injected by hand while 
14X11 inch roentgenograms are taken, 
e.g., at 1 sec. intervals for 2 sec., $ sec. 1n- 
tervals for 4 sec., and 1 sec. intervals for 
12 sec., using the Franklin rapid exposure 
tube apparatus. It 1s to be noted that 
larger volumes of more concentrated radio- 
paque material are used with the fistula 
than in routine brachial arteriography.’ 

Premedication of the patient with pa- 
renteral meperidine and secobarbital is 
recommended. 


REPORT OF CASES 

Case 1. M.G.,a 45 year old male with con- 
genital polycystic renal disease, had a left 
radial arteriovenous fistula created surgically 
on August 27, 1965. Brachial arteriography was 
performed on February 20, 1967 after 113 
hemodialyses. His course has been uncompli- 
cated; he has undergone a total of 229 hemo- 
dialyses by venipuncture technique to date. 


Comments. Brachial arteriography dem- 
onstrates the usual relationships of the 
arteries and veins of the forearm and hand 
and the typical direction of blood flow 
after creation of the radial arteriovenous 
fistula. Flow first passes simultaneously 
through the ulnar and radial arteries (Fig. 
4,7). Flow from the radial artery passes 
through the fistula into both proximal and 
distal venous channels (Fig. 45). The 
ulnar arterial flow enters the deep palmar 
arch and then, retrograde,’ enters the distal 
radial artery emptying through the fistula 
(Fig. 4C). Thus, flow through the fistula is 
actually greater than radial arterial flow, 
and arterial flow to the hand is dependent 
upon the adequacy of the ulnar arterial 
flow. 


Case sr. A. S., a 46 year old male with con- 
genital polycystic renal disease had a right 
radial arteriovenous fistula created surgically 
on September 27, 1966. He has now undergone 


Brachial Arteriography 


Fic. 5. Case r1. Arteriogram taken before the fistula 
was made; there is normal forearm arterial flow. 


35 dialyses by venipuncture technique and 
has had an uncomplicated course. 


Comments. Brachial arteriography has 
been performed on three occasions. 

The first arteriogram, on September 23, 
1966 (Fig. 5), was taken before the fistula 
was made. A normal blood supply to the 
forearm and hand is noted. 

The second arteriogram, on November 
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lic. 6. Case 11. (4 and B) Flow pattern is similar to Case 1 but no vessels are dilated. 
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2, 1966 (Fig. 6, 7 and B) was taken after 
11 dialvses had been performed and 36 
davs after the fistula was made. The 
earlier roentgenogram (Fig. 6/7) shows no 
opacification of the radial artery distal to 
the fistula, and the anastomosed vein re- 
veals flow both proximal and distal to the 
fistula. The later roentgenogram (Fig. 65) 
reveals smooth-walled arteries and veins 
following a regular course. 

The third arteriogram, on March 5, 
1968 (Fig. 7) was taken 17 months and 
33 dialyses after creation of the fistula. 
Definite changes are noted. Most promi- 
nent is a very broad, tortuous vein which 
carries the bulk of flow from the fistula. 
This is an aid to the physician who, by 
venipuncture, can easily extract from the 
vein sufficient flow for dialysis. This major 
vein enlargement has been noted in con- 
genital arteriovenous fistulae? and 1s typical 
of longstanding high-venous-flow condi- 
tions. 


Case nr. J. Z., a 48 year old male with 
chronic glomerulonephritis had a right radial 
arteriovenous fistula created surgically on May 
5s, 1967. Brachial arteriography was performed 
on October 23, 1967 after 64 dialyses. His right 
hand was noted to swell progressively in the 
months following surgery (Fig. 8). Flow during 
dialysis frequently was unsatisfactory and 
when signs of digital ischemia appeared the 
fistula was closed on January 20, 1965. 


Comments. Normal radial arterial.into- 
fistula flow and anastomotic venous spread 
are seen in Figure 9, 4 and B. Ulnar arte- 
rial flow is minimal (Fig. 9C). Venous re- 
turn via the "major" vein is totally 
blocked (Fig. gD). The major part of the 
venous return from the fistula is through a 
kinked, narrowed, beaded vein (Fig. 9, £ 
and F). Finally, ulnar arterial flow reaches 
the wrist and hand. Venous perfusion 
seems nearly totally absent in the lateral 
aspect of the upper forearm. It is diverted 
medially via collaterals from the fistula 
site (Fig. 9G). The delayed, venous-stage 
roentgenogram shows well, for the frst 


Brachial Arteriography 


l'1G. 7. Case 11. Arteriogram taken 17 months after 
creation of fistula. The major recipient vein 1s 
markedly dilated, its course tortuous. 


time, the deep palmar arch and the distal 
radial artery, filled retrograde. 
These roentgenograms reveal 
pathologic changes in the vessels of the 
forearm. Obstruction to the venous return, 
partial or complete, coupled with poor ul. 
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Fic. 8. Case 11. The right hand remains swollen £ months after creation of the fistula. 


nar arterial flow, resulted in inadequate 
tissue oxygenation and decreased venous 
How for dialysis. Arteriography revealed 
the cause for poor dialysis flow and the 
persistently swollen hand. 


CONCLUSIONS AND SUMMARY 


Brachial arteriography, a relatively 
simple technique, has been used to define 
both the "normal" short- and long-term 
hndings 1n radial arteriovenous fistulae in 
patients undergoing chronic intermittent 
hemodialysis, and to delineate pathologic 
changes in the circulation in the presence 
of the fistula. 

Three representative cases are reported. 

This technique is a helpful adjunct in 


the study of pathophysiology of fistulae, 
showing the importance of good ulnar 
arterial flow and good forearm venous re- 
turn, each in its own right. 


Department of Nephrology 
Government Hospital 

Tel Hashomer 

[srael 


The author expresses his appreciation to 
the Radiology Service for their assistance 
and advice; to Mr. Glen Harahan and Mr. 
Ingram Chodorow of the Medical Illus- 
tration Service for preparation of the draw- 
ings and photographs; and to James E. 
Cimino, M.D., Director of the Dialvsis 
Unit, its founder and mentor, who kindly 
reviewed this paper. 





Brachial Arteriography 


Fic. 9. Case iir. (/4-G) Marked pathologic changes of forearm circulation are shown: abrupt cut-off of major 
recipient vein of fistula flow, which empties via collaterals; delayed filling of ulnar artery and, subsequently, 
the deep palmar arch and distal radial artery; markedly kinked, narrowed and beaded veins; and near- 
absence of venous flow in proximal lateral forearm. Timing from injection: (4) 1 sec.; (B) 11 sec.; (C) 13 
sec.; (D) 2 sec.; (E) 3 sec.; (F) 43 sec.; and (G) 9 sec. 
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ARTERIAL PLACENTOGRAPHY BY A 
SIMPLIFIED TECHNIQUE* 
USE OF A TEFLON NEEDLE CATHETER 
By MELVYN H. SCHREIBER, M.D.,t and MICHAEL D. HOWARD, M.D.1 


GALVESTON, TEXAS 


HE several means of antepartum 

localization of the placenta have re- 
cently been reviewed,? and 1t is not our 
purpose to discuss their relative merits. In 
vears past we preferred intravenous pla- 
centographv because of its simplicity, re- 
liability and availability. There is no doubt, 
however, that roentgenographic opacifica- 
tion of the placental sinusoids (intervillous 
spaces) can be improved if the contrast 
material is deposited directly into the 
uterine arteries or one of the major arterial 
trunks leading to them. The standard 
means of accomplishing this 1s by percu- 
taneous transfemoral catheter aortographv 
or iliac or hypogastric arteriography. Fern- 
strom! has clearly demonstrated the value 
of such an approach, and there 1s no doubt 
that this technique allows the trained arte- 
riographer to obtain thoroughly depend- 
able results. 

The technique of arterial catheterization 
would be considerably simplified if the 
catheter could be introduced at the same 
time as the needle, eliminating the need 
for a guide wire. While this may produce 
substantial difficulties with long catheters, 
it need not be a problem with short ones. 
The No. 18 gauge, 8 inch long teflon sheath 
and needle assembly manufactured by Bec- 
ton, Dickinson and Company is illustrated 
in Figure 1, Æ, B and C and is eminently 
satisfactory for catheterization of the com- 
mon femoral artery by the percutaneous 
route. The teflon sheath fits snugly over 
the puncture needle, the tip of which pro- 
trudes slightly past the tapered end of the 
teflon catheter. After percutaneous punc- 
ture of both walls of the femoral artery the 
metal needle is withdrawn. The sheath is 


METRIC 11 


l'1G. 1. The teflon needle-catheter in various stages 
of assembly. (4) The teflon sheath is seen in its 
entire length with the teflon obturator inside. This 
is replaced by the metal needle, seen just below the 
sheath, for the arterial puncture. (B) The tip of the 
teflon sheath with the teflon obturator in place is 
seen. (C) The needle has replaced the obturator, 
and its bevelled tip is seen to protrude slightly 
distal to the sheath. The sheath is applied tightly 
to the wall of the needle. 


then gently withdrawn until it enters the 
arterial lumen, following which it may be 
gently advanced against the arterial stream 
up the femoral artery and into the common 
liac artery. A teflon obturator with a 
rounded blunt tip which protrudes slightly 
beyond the tapered tip of the teflon cath- 
eter 1s also supplied with the assembly and 
may be valuable in helping to guide the 


* From the Department of Radiology, University of Texas Medical Branch, Galveston, Texas. 
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l'1G. 2. (4) The roentgenogram was exposed 4 seconds following a test injection of 10 cc. of contrast material. 
The teflon sheath is thus rendered opaque and can be seen to lie in the pelvic arterial system on the left, its 
tip Just distal to the aortic bifurcation. (B) Roentgenogram exposed 4 seconds following the end of a large 


volume injection through the teflon needle-catheter. The opacified placental venous sinusoids can be clearly 
seen on the upper left wall of the uterine fundus, thus excluding placenta previa. 


catheter around minor impediments. Fol- 
lowing proper placement of the catheter a 
stopcock is attached, the catheter is 
flushed with a small amount of heparinized 


saline, and preparations for injection of 


contrast material are begun. 

In most women of childbearing age the 
tip will lie in the common iliac artery when 
the catheter has been introduced so that 
the hub lies almost at the opening in the 
skin. A short length of transparent tubing 
is used to connect the teflon sheath to the 
automatic pressure injector, and 40—00 
cc. of contrast material (we use renovist) 
are injected under a pressure of 250 lb. per 
square inch. The catheter has only an end 
hole, and the injection requires about 34 
seconds. In most patients the force of the 
injection is sufficient to cause the contrast 
material to reflux a short distance into the 
distal abdominal aorta and then to be car- 
ried down both iliac arteries into the pelvis. 
are taken. The 


Two roentgenograms 


first is made following the hand injection of 
a small volume of contrast material, or- 
dinarily about 10 cc., and after a 4 second 
delay. This anteroposterior recumbent 
roentgenogram of the abdomen allows one 
to determine the adequacy of positioning, 
the exposure factors and the correct place- 
ment of the catheter, to ensure that it lies 
absolutely free within the arterial lumen. 
The 4 second delay provides adequate time 
for the contrast material to be propelled 
downstream and away from the catheter 
tip so that subintimal extravasation can 
be noted if present. This delay has been 
found to be optimum for placental visuali- 
zation, and the preliminary roentgenogram 
gives a clue as to the location of the pla- 
centa so that positioning and exposure 
technique may be altered as necessary to 
give the most satisfactory placental defini- 
tion on the second and final roentgeno- 
gram. 


Following the adjustment of exposure 
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Fic. 3. (4) The teflon sheath can be seen to be properly situated in the pelvic arterial system on the right. 
The head of the fetus lies in the left horn of a bicornuate uterus, and the placenta lies in the right horn. (B) 
The placenta, implanted in the fundus in the right horn of the bicornuate uterus, is clearly seen. 


factors and positioning and after ensuring 
that the catheter tip 1s correctly located, 


the major bolus of contrast material is in- 
jected as described above. Four seconds 
are allowed to elapse from the end of the 
injection, at which time a single roentgen- 
ogram is exposed. After examining this 
roentgenogram for adequacv, the catheter 
is removed, gentle pressure is held for 
about 10 minutes to assure hemostasis, a 
small dressing is applied and the patient is 
returned to her room. In no case has it been 
necessary to obtain more than 2 roentgeno- 
grams, and in no case has the procedure 
failed to clearly demonstrate the implanta- 
tion site of the placenta in our small series. 
No complications have been encountered, 
and we believe that arterial catheteriza- 
tion by this technique is no more hazard- 
ous than simple needle puncture of the 
femoral artery. A caution to be observed 
is the use of relatively low pressure for in- 
jection (250 lb. per square inch). It is en- 
tirely possible to rupture the arterial wall 
by the use of higher pressures with this 
end hole catheter. 

Figures 2, 4 and B; 3, // and B; 4; 5; 6; 


and 7, 4-C* illustrate the usual results ob- 
tained with this method of placental 
localization. The technique is easy to 
master and simple to perform, rarelv re- 
quiring more than half an hour from start 
to finish. It is acceptable both to patient 
and referring physician. Moreover, it has 
many other uses which we have only begun 
to explore, and 1t may prove to be an en- 
tirely satisfactory means of pelvic arteri- 
ography for other conditions. In our initial 
attempt to utilize this method for arteri- 
ographic studv of carcinoma of the cervix 
and of the endometrium, we have experi- 
enced substantial success, and have suc- 
cessfully applied the method as an alterna- 
tive to translumbar aortographv for the 
studv of iliac and peripheral arteriosclerot- 
ic occlusive disease. It may prove to be 


* The patient illustrated in Figure 7, .7-C subsequently de- 
livered a normal full-term infant from below. There was no evi- 
dence of placenta previa. Perhaps the placenta, originally im- 
planted low in the uterus, grew upwards during gestation, finalh 
coming to lie in a normal position. Or, perhaps it was always im 
planted in the fundus and only appeared to cover the cervical! os 
on the arteriogram because of marked ante- or retroflexion of the 
uterus. In any case, it is clear that the diagnosis of placenta previa 
by arteriography so early in pregnancy (12 weeks) may be quite 
incorrect. 
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‘ic. 4. The placenta is very large and is located on 
either the anterior or posterior wall of the uterus 
well above the lower uterine segment. There is no 
evidence of placenta previa. 


liG. 6. The placenta is implanted in the fundus on 
the right. This roentgenogram was exposed slightly 
early, and as a consequence the uterine and pla- 
cental arteries are well seen. 


an ideal method for postrenal transplanta- 
tion arteriography. 


SUMMARY 


A method of arterial placentography 
following catheterization of one femoral 
artery bv the percutaneous route is de- 
scribed. A guide wire 1s not employed, the 
catheter being introduced at the same 
time as the needle used to effect arterial 
| " um | puncture. Following the pressure injection 
Fic. c. The placenta is implanted in the fundus on " 

the right. Hydronephrosis of pregnancy is also 

seen. The properly placed teflon needle-catheter is 


of a large volume of contrast material and 


an appropriate delay, the exposure of a 
seen on the left. single roentgenogram clearly demonstrates 
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Arterial Placentographv 


Fic. 7. (4-C) Pelvic arteriography was performed in this patient because of the suspicion of hydatiditorm 
mole. The uterus was the size of a 12 weeks' gestation. The pelvic arteriograms show a normal looking 
placenta implanted in the lower uterine segment and possibly centrally across the internal os. Shortly 
thereafter fetal heart tones were heard and the diagnosis of intrauterine pregnancy, probably with placenta 


previa, was made (see footnote on page 405). 


the placental implantation site. The method 
may be used for pelvic arteriography in a 
variety of conditions with good results. 


Melvyn H. Schreiber, M.D. 
Department of Radiology 
University of Texas 
Medical Branch 
Galveston, Texas 77550 
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ACUTE TRAUMATIC RUPTURE OF THE 
IHORACIC AORTA 


By ELLIOT O. LIPCHIK, M.D.,* and KENNETH E. ROBINSON, M.D.1 


ROCHESTER, NEW YORK 


CUTE traumatic rupture of the aorta 
has been known for quite some time 

to be a cause of rapid death following com- 
pression or acute deceleration injury to the 
chest. There has been an increasing number 
of successful aortic repairs immediately 
following the acute rupture since the first 
case reported in 1959." However, despite 
the serious prognosis, this diagnosis is still 
made all too infrequently. There have been 
numerous examples in the literature of 
chronic traumatic pseudoaneurysms of the 
thoracic aorta, but very few articles demon- 
strating the aortographic features and ther- 
apy of acute traumatic rupture.'? [n the 
last year, we have had the opportunity of 
studying 3 cases of acute rupture of the 


aorta and wish to present our aortographic 
and correlative clinical and surgical results. 


REPORT OF CASES 


Case 1. C.T., 20-85-72, a 67 year old man, 
was hospitalized 1n Rochester General Hospital 
approximately one-half hour after being struck 
by a car while he was walking behind his snow- 
blower. The patient was conscious, but had 
retrograde amnesia. His chief complaints were 
diffculty in. breathing and pain in the right 
shoulder and left ankle. Physical examination 
revealed decreased breath sounds over the left 
lower lung fields. The abdominal examination 
was normal. The blood pressure was 100/70, 
pulse 112, respirations 40. Pertinent laboratory 
data were an initial hemoglobin of 17.5 gm. 
per cent, hematocrit of 50 per cent, and 20-25 
red blood cells per high powered field in the 
urine. 

Chest roentgenography (Fig. 18) showed 
widening of the superior mediastinum to the 
left with indistinct margins of the descending 
thoracic aorta. A rupture of the left dome of the 
diaphragm, with the stomach protruding into 
the left chest was also present. À recent normal 


chest roentgenogram of the patient was avail- 
able for comparison (Fig. 1,4). 

Thoracic and abdominal aortograms were 
obtained via percutaneous catheterization of 
the right femoral artery. Àn acute rupture of 
the aorta, just distal to the left subclavian 
artery was demonstrated (Fig. 1C). The renal 
arteries were normal. There was marked athero- 
sclerotic narrowing of the aortic bifurcation. 
Other roentgenograms showed comminuted 
fractures of the left ankle, right humerus, and 
right clavicle. 

lwenty-one hours after the accident, the 
patient underwent surgery. In addition to the 
laceration of the diaphragm, a ruptured spleen 
was found and removed. After repair of the 
diaphragm, the patient was placed on partial 
cardiac by-pass, and the aorta in the area of the 
tear was transected and resutured end-to-end. 
The tear in the aorta was through the entire 
circumference except for about 1 cm. of the 
posterior wall. The patient expired the fourth 
day post surgery after a stormy postoperative 
course, complicated by hypotension, oliguria, 
and convulsions. 

The autopsy examination revealed two addi- 
tional incomplete lacerations of the aorta, 2 cm. 
proximal and 4 cm. distal to the surgical repair 
site, which was intact. There were also myo- 
cardial contusions and brain damage with sub- 
dural and subarachnoid hemorrhages. 


Case m. M.M., 05-61-94, a 21 year old man 
was admitted to Rochester General Hospital 
about 1 hour after he was hit by a car while 
riding a motorcycle. He was thrown to the road, 
with the motorcycle falling onto him. At the 
time of admission, vital signs were normal. 
Physical examination was initially normal ex- 
cept for signs and symptoms related to fracture 
of the left femur and skin abrasions of the left 
knee. Soon afterward, pain and rigidity of the 
abdomen were noted. A chest roentgenogram 
revealed widening of the mediastinum with loss 
of the arch and descending thoracic aortic 
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border (Fig. 2.7). Six hours after the injury 
the hematocrit had dropped from 47 to 38 
per cent. It remained at this level until sur- 
gery, 20 hours after the accident. Thoracic 
aortography was performed 12 hours after the 
injury. A percutaneous right femoral artery 
catheterization was tried, but the catheter could 
not be manipulated past the first portion of the 
descending aorta. A percutaneous right trans- 
axillary artery catheterization and aortography 
were successful and showed a disruption of the 
normal aortic wall contour distal to the origin 


Fic. 1. Case 1. (4) Normal chest roent- 
genogram several months before the 
acute injury occurred. (B) Chest roent- 
genogram the same day of injury shows 
diffuse widening of the mediastinum to 
the left, obliteration of the normal con- 
tours of the arch and descending aorta, 
and herniation of the stomach into the 
left chest (proven by barium swallow). 
(C) Thoracic aortogram shows a trans- 
verse lucent line of torn intima and 
media interrupting the normal contours 
of the aorta distal to the left subclavian 
artery origin. There is also a small 
pocket of contrast medium lateral to 
this area, probably indicating a begin- 
ning pseudoaneurysm. There is barium in 
the herniated portion of the stomach. 
A nasogastric tube is present. 


of the left subclavian artery (Fig. 2, B and C). 
There was a small pocket of localized extravasa- 
tion of contrast material. An abdominal aortog- 
raphy was not done. The tear in the aorta was 
excised after implanting a left atrial to femoral 
artery by-pass shunt. During the end-to-end 
anastomosis of the aorta, the patient’s blood 
pressure dropped suddenly and the patient 
died. 

Postmortem examination revealed further 
lacerations of the abdominal aorta with mas- 
sive hemorrhage into the retroperitoneal space, 
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Case ul. J.B., 65-83-15, is a 23 year old 
male who was transferred to Strong Memorial 
Hospital 3 days after an automobile accident. 
The patient was the driver of the car which 
crashed headon into a bridge support. He was 
thrown from the car. The day of the accident 
a left diaphragmatic rupture was repaired in 
another hospital. At the time of surgery, a 
retroperitoneal hematoma was found. Multiple 
pelvic fractures were also diagnosed. Following 
surgery, a partial pneumothorax and left upper 


FIG. 2. 
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Case 11. (4) Chest roentgenogram shows 
diffuse widening of the superior mediastinum, 
and obliteration of the borders of the ascending 
aorta. Aortogram in the (B) frontal and (C) 
lateral projections, shows widening of the de- 
scending aorta above and encompassing the 
aortic tear. The widening of the mediastinum is 
clearly seen in B. The tear itself is poorly de- 
hned, but there is disruption of the normal 
smooth and parallel contours of the aorta. 


lobe collapse were noted. A chest roentgeno- 
gram (Fig. 34) showed the ruptured left dome 
of the diaphragm, loss of aortic knob contour 
and a homogeneous density of extrapleural 
blood obscuring the left upper lung held. 

At the time of transfer to Strong Memorial 
Hospital, the pertinent findings on physical 
examination were: a left chest tube; a Grade 4 
systolic ejection murmur over the entire pre- 
cordium and radiating to the neck and axilla; 
bounding peripheral pulses; no diastolic mur- 
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(A) Chest roentgenogram illustrating the ruptured left dome of the diaphragm and oblitera- 


tion of the ndi mediastinal outlines due to blood in the mediastinum and extrapleural space. (5) The- 
racic aortogram shows the interruption of the normal contours of the descending aorta, w ith mild localized 
dilatation. The diaphragm rupture has been repaired, and a left chest tube is 7» situ. 


murs; and a blood pressure of 280/80 in the 
arms, and 120/80 in the legs. On the day of 
transfer aortography was done via a percuta- 
neous right axillary artery catheterization (Fig. 
3B), which revealed an interruption in the 
aad contour of the descending aorta, with a 
slight dilatation above the lucent TM of the 
aortic tear. Shortly following the aortography, 
the patient underwent surgery by Dr. James A. 
DeWeese. A large exira-pleural hematoma 
laterally and posteriorly was found, presumably 
from torn intercostal arteries. 

A 6 cm. segment of the aorta was excised and 
a woven dacron graft sutured end-to-end. The 
resected portion of the aorta was examined 
later. It showed that the completely transected 
intima had retracted 3 to 4 cm., so that the 
containing wall was attenuated adventitia and 
possibly some media. The patient tolerated the 
procedure well; the postoperative course was 
also benign. T he patient was normotensive and 
asymptomatic at the last check-up, 2 months 
after surgery. 


DISCUSSION 


According to the literature, 10-20 per 
cent of the patients with acute traumatic 
rupture of the aorta survive long enough 
for surgical intervention.” Considering 
the enormously high number of traffic acci- 
dents and deaths in this country and else- 
where, hundreds of patients each vear could 
possibly be saved from exsanguination if 


jury. 


this condition is recognized immediately 
and if the patient is close to a medical cen- 
ter capable of performing catheter aortog- 
raphy and aortic surgery. The incidence of 
such cases is probably steadily increasing 
along with the rise in traffic fatalities. Dis- 
secting aneurysms receive much more at- 
tention, yet aortic rupture may be more 
frequent.” The chief obstacle to successful 
treatment seems to be the clinical recogni- 
tion of the syndrome.’ In a large series 
summarized by Eiseman and Rainer in 
1958, 82 of 95 cases were diagnosed after 
death. 

Rupture of the aorta should be con. 
sidered in anyone injured in an automobile 
accident or a deceleration injury. with sud- 
den mediastinal or aortic enlargement. 
Serial chest roentgenograms may be neces- 
sary to show the dici p changes. 
Hemothorax, rib fracture, « lysphagia, tra- 
cheobronchial obstruction and, in 2 of our 
cases, diaphragmatic rupture, may all be 
concomitant but not prerequisite clinical 
findings. Aortic transection may be p 
with TénaPeanly few external signs of i 
This is illustrated bv Case n 
Case 111 in our series. 

Aortographv is necessary, not only for 
the diagnosis, but also for evaluation of the 
remainder of the aorta, as well as its major 


and 





4I2 


branches. The aorta is frequently lacer- 
ated in more than one area.' It has pre- 
viously been pointed out^^'" that the 
aortic tear may not be seen at surgical ex- 
ploration unless the aorta is opened and 
the intimal surface inspected, since the 
adventitia may be intact. In Case 11 of our 
series, a second aortic tear led to the pa- 
tient's demise, and probably could have 
been visualized by aortography of the lower 
abdominal aorta. We believe that aortog- 
raphy should be performed via right axil- 
lary artery catheterization in order to avoid 
the area of tear during positioning of the 
catheter. 

The position and extent of the single 
aortic tear is quite typical and consistent. 
These tears are almost always just distal to 
the left subclavian artery. The second most 
common site is the ascending aorta, just 
above the aortic valves. They are trans- 
verse, and usually extend only through 
intima and media, sparing the adventitia. 
Part or all of the circumference of the aorta 
may be involved. The mechanism of rup- 
ture, probably caused by compression and 
acute deceleration, has been explained in 
previous articles.?: 55)» Rupture of the dia- 
phragm has not been specifically cited be- 
fore. 

SUMMARY 

Acute traumatic rupture of the aorta 
occurs more frequently than generally real- 
ized. However, it frequently remains un- 
diagnosed until postmortem examination. 

Three cases of acute rupture of the aorta, 
with aortographic findings, are reporte. 
One patient survived corrective surgery. 

Cautious optimism is expressed in the 
salvage of such patients since concomitant 
severe injuries, including further tears of 
the aorta, may often be present. 

Thoracic and abdominal aortography is 
indispensable in the diagnosis and manage- 
ment of the patient. 

Elliot O. Lipchik, M.D. 
Department of Radiology 
Strong Memorial Hospital 


260 Crittenden Boulevard 
Rochester, New York 14620 
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TRAUMATIC PSEUDOANEURYSM OF THE 
LEFT VENTRICLE* 


By V. A. VIXT and D. A. KILLEN 


NASHVILLE, TENNESSEE 


RAUMATIC aneurysms of the left 
ventricle are unusual, even 1f one in- 
cludes both true and pseudoaneurysms.* 
An awareness of this entity should lead to 
definitive investigative studies which would 
make it possible to diagnose and to plan 
effective therapy. Because this lesion is so 
seldom encountered, we are presenting the 
roentgenographic aspects of 3 cases of 
traumatic pseudoaneurysms of the left 
ventricle. Two of these cases followed pene- 
trating trauma and one followed blunt 
trauma. 
REPORT OF CASES 
Case 1. J.H., a 39 year old Negro male, was 
stabbed in the left chest on August 31, 1967. 
He was treated for a hemopneumothorax and 
cardiac tamponade by chest tube, pericardial 
aspirations, and blood transfusions. On De- 


cember 30, 1967, the patient was admitted to 
the Nashville Veterans Hospital because of 
intermittent chest pain and mild dyspnea. 
Physical examination showed a well healed 
scar of a stab wound in the fourth left anterior 
interspace just to the left of the sternum. There 
was a loud systolic murmur at the apex trans- 
mitted toward the axilla. There was a forceful 
impulse near the left nipple. An electrocardio- 
gram showed sharply inverted T-waves in 
lead 1 and 2, and V 3-6. 

Chest roentgenograms revealed a prominence 
along the left heart border which projected 
laterally as a circular density (Fig. 1, /7 and 


B). Fluoroscopically, this density expanded 
paradoxically during ventricular systole. Left 
ventricular angiography was done with the 
patient in a slightly right anterior oblique posi- 
tion. There was filling of a pseudoaneurysm 
through a small orifice from low on the lateral 
aspect of the left ventricle. Sequential phases of 


Y 


Fic. 1. Case 1. (4) Posteroanterior and (B) lateral chest roentgenograms demonstrate a pseudoaneurysm 
which projects laterally as a circular density. 


* From the Departments of Radiology t and Surgery,t Vanderbilt University School of Medicine and the Veterans Administration 


Hospital, Nashville, Tennessee. 
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l'1G. 2. Case 1. (4) Left ventricle filled with contrast material. Arrows outline unfilled pseudoaneurysm. (B) Jet 
of contrast medium is indicated by the black arrow leading from the left ventricle to a pseudoaneurysm. 
(C) Contrast material fills the left ventricle and pseudoaneurysm. Black arrows indicate thickness of the 
wall between. White arrow indicates anterior descending coronary artery. (D) Contrast material remains in 
the pseudoaneurysm after the left ventricle has cleared (arrows). 


hlling and emptying are shown in Figure 2, 
A-D. The anterior descending coronary artery 
was normal. On January 4, 1968, the ventricu- 
lar aneurysm was repaired with the aid of a 
cardiopulmonary bypass. Microscopic examina- 
tion confirmed this to be a pseudoaneurysm. 


Case rt. D.H., a 44 year old Negro male, was 
frst admitted to the Nashville Veterans Hos- 


pital on July 24, 1964 because of an asympto- 


matic mass in his left chest. Twenty-four years 
previously, the patient had been stabbed in 
the left chest just lateral to the nipple. Except 
for this scar, the physical examination was 
entirely normal. Chest roentgenograms showed 
a mass along the left anterior lateral cardiac 
border (Fig. 3» A-D). The possibility of an 


aneurysm was considered but an intravenous 
angiocardiogram utilizing 50 cc. of 80 per cent 
sodium tothalamate in each arm failed to iden- 
tify a vascular abnormality. After investigation 
for bronchogenic carcinoma, the patient was 
explored for a suspected mediastinal neoplasm. 
An aneurysm was found on the anterior lateral 
aspect of the left ventricular outflow tract 
which presented between the anterior descend. 
ing and circumflex branches of the left coronary 
artery. The parietal pericardium was adherent 
to the broad based thick walled aneurysm and 
a rim, interpreted as calcification, was palpable 
about its border. The chest was closed after 
exploration only. The patient recovered with- 
out complication. 

During the next 4 years, follow-up showed no 
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FIG: 3. 


Traumatic Pseudoaneurvsm of the Left Ventricle 


Case i1. (4-D) Density along the left anterior lateral heart border is indicated by the arrows. 


There is a thin rim of calcium within the wall of the pseudoaneurysm (B). 


change in the left ventricular pseudoaneurysm. 
In May, 1968, left ventriculography was per- 
formed with cinefluoroscopic recording. Cur- 
vilinear calcification was seen about the aneu- 
rysm and there was slight paradoxical expan- 
sion of the lower portion of the aneurysm giving 
it a slight rocking motion. Contrast medium 
flled the lower portion of a thick walled 
aneurysm through a small orifice producing a 
characteristic jet (Fig. 4, 7, B and C). In view 
of the probable long duration of the pseudo- 
aneurysm, its failure to change during 4 years 
of observation, and its thick wall, no further 
therapy is contemplated at this time. 


Case mi. E.G., a 36 year old Negro male, 
was admitted to the Nashville Veterans Hospi- 
tal on September 12, 1967 with a chief com. 
plaint of pain in the site of a previously ampu 
tated left arm. The patient had been involved 
in an automobile accident in September, 1965 
which necessitated amputation of his left upper 
extremity and produced some facial bone frac. 
tures. Aside from the amputated left arm, the 
only physical finding was a Grade 11 systolic 
murmur along the left sternal border. 

A chest roentgenogram disclosed an anterior 
mediastinal mass and a healed fracture of the 
left second rib laterally. An electrocardiogram 





V. A. Vix and D. A. Killen 


OCTOBER, 1968 


l'1G. 4. Case 11. (4) Early jet (black arrow) from the left ventricle. The extent of the pseudoaneurysm is indi- 
cated by the white arrows. (B) Pseudoaneurysm filled with contrast material. White arrows indicate the 
thick wall. (C) Contrast medium remains in the pseudoaneurysm after the left ventricle has cleared. 


showed an inverted T-wave in lead 1 and a Q 
wave in lead AVL. 

The patient was believed to have an anterior 
mediastinal neoplasm. On September 20, 1967, 
the patient's chest was surgically explored and 
a paradoxically pulsating aneurysm adherent 
to the overlying pericardium was unexpectedly 
found. This was located on the anterior lateral 
aspect of the outflow tract of the left ventricle. 
It was thought advisable to delay definitive 
therapy. 

Subsequent roentgenographic studies showed 
the mass to be anterior and lateral to the upper 
left heart border (Fig. 5, A-D). Fluoroscopi- 
cally, the mass pulsated paradoxically. Cine- 
angiocardiographic studies showed the aneu- 
rysm to fill through a small orifice from the left 
ventricle, similar to Cases 1 and i1 (Fig. 6, A-D). 

On November O 1607. with the aid of a car- 
diopulmonary bypass, the pseudoaneurysm 
was surgically repaired. Histologic examination 
confrmed the diagnosis of pseudoaneurysm. 


DISCUSSION 


Penetrating wounds of the left ventricle 
frequently result in tamponade, but only 
rarely in the formation of a pseudoaneu- 
rysm. Most of the reported cases of pseudo- 
aneurysm after penetrating wounds have 


represented a complication of cardiac 
surgery.’ More have been the 
pseudoaneurysms that have resulted from 


unusual 


stah wounds.’ 

Blunt trauma of the left ventricle com- 
monly results in contusion, and, if of suff- 
cient force, results in cardiac rupture, tam- 


ponade, and death. In rare instances, 
blunt trauma may produce either a true 
aneurysm?" or a pseudoaneurysm as in 
Case 11. Myocardial infarction commonly 
produces a true aneurysm but, on rare 
occasions, may produce a pseudoaneu- 
rysm.!4 

A history ot recent cardiac surgery or a 
stab wound of the chest together with 
changes in the cardiac contour on a chest 
roentgenogram should, of course, lead one 
to strongly consider the diagnosis of pseu- 
doaneurysm of the left ventricle. However, 
if the history of a stab wound is rémote, or 
if the antecedent trauma was blunt and not 
in the immediate past, the correct diagno- 
sis may not be readily apparent. A history 
of a stab wound 24 years previously was 
obtained 1n one of our cases, and in another 
case, proper attention was not given to the 
history of blunt trauma 2 years previ 
ously. In one of these cases, the proper 
diagnosis was erroneously discarded be- 
cause of an inadequate intravenous angio- 
graphic studv. The location of the aneu- 
rysm in 2 of the cases differed from the 
expected location of left ventricular aneu- 
rysms secondary to myocardial infarctions. 
This unusual presentation may also con- 
tribute to the failure to give proper consid- 
eration to the heart as the origin of an ob- 
served mass. 

Pseudoaneurysms of the left ventricle, 
because of the manner in which they de- 





Vic. ¢. Case 11. (/4-D) A large mass density along the left anterior upper heart border is revealed. 


velop, all have a narrow orifice connecting 
them to the ventricular cavitv. This find- 
ing has been apparent in all the reported 
angiographic studies,’ and was especially 
striking in our 3 cases which were recorded 
cinefluoroscopically. The initial jet of con- 
trast material through the narrow orifice 
of a pseudoaneurysm is not unlike the 
eruption of “Old Faithful.” 

These 3 cases of pseudoaneurysm of the 
ventricle re-emphasize the need for thor- 
ough angiographic studies on all patients 
who have masses that are not clearly sepa- 


rated from the heart and great vessels. To 
obtain adequate visualization, contrast ma- 
terial should be injected directly into the 
suspected chamber or vessel. Forward or 
intravenous angiocardiograms will not ade- 
quately visualize a small orifice or the 
aneurysm. 


SUMMARY 


Three cases of pseudoaneurysm of the 
left ventricle are presented. The location 
of the aneurysm, remote time of a stab 
wound, inadequate contrast on an intra- 
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liG. 6. Case irr. (4) The left ventricle is filled with contrast material. The white arrows indicate the extent of 
the unfilled pseudoaneurysm. (B) There is a jet of contrast medium (black arrow) from the left ventricle 
(C) The pseudoaneurysm and left ventricle are filled with contrast material. (D) Contrast medium remains 
in the pseudoaneurvsm after the left ventricle has cleared. 


venous angiocardiogram, and an absence of 
a history of penetrating trauma all served 


to blunt awareness to the correct diagnosis 
In 2 


cases. Left ventricular cineangio- 
graphic studies in all 3 cases showed a 
characteristic jet of contrast material 
through a narrow orifice that connected 
the pseudoaneurysm with the left ventric- 
ular cavity. 

Chest trauma, whether penetrating or 
blunt, may produce pseudoaneurysms of 
the left ventricle. All masses not clearly 
separated from the heart should be angio- 
graphically evaluated with contrast mate- 


rial injected directly into the suspected 
chamber. 


Vernon A. Vix, M.D. 
Department of Radiology 
Veterans Administration Hospital 
1310 24th Avenue South 
Nashville, Tennessee 37203 
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AORTIC REGURGITATION FOLLOWING TRAUMA 
IN A PATIENT WITH A MAGOVERN 
VALVE PROSTHESIS* 

By LUCIEN I. ARDITI, M.I., GEORGE R. HOLSWADE, M.D., and ISRAEL 
STEINBERG, M.D. 


NEW YORK, NEW YORK 


HE development of aortic regurgita- 

tion following injury to the chest is 
well known.^*!? [ts occurrence following 
trauma to the chest in a patient with a 
prosthetic aortic valve has not, to our 
knowledge, been previously reported in the 
literature. The purpose of this communica- 
tion 1s to present a case with aortic steno- 
sis who had resection of the diseased valve 
with replacement by an aortic valve pros- 
thesis. The patient was later struck on the 
chest and developed aortic regurgitation. 


REPORT OF A CASE 


A 54 year old Caucasian bar-keeper was first 
found to have a heart murmur at the age of 31 
years. He gave no history of rheumatic fever, 
but developed angina pectoris at the age of 48 
years, and syncope at the age of 50 years. 
Cardiac catheterization at another hospital 
showed a 116 mm. Hg peak systolic gradient 
across the aortic valve; the left ventricular 
pressure was 204/26 mm. Hg and the aortic 
pressure was 88/52 mm. Hg. The cardiac output 
at rest was §.6/1../min. On September 15, 
1960, he had an open-heart aortic valvulotomy 
with dissection of the three commissures and 
removal of calcium from the aortic leaflets. 
The orifice was estimated to have been enlarged 
from o.5 cm.? to 2.0 cm.?. The atrial appendage 
biopsy revealed no Aschoff bodies. Postopera- 
tively, recovery was uncomplicated except for 
development of a right bundle branch block. 
The patient was markedly improved for 6 
months, then exertional dyspnea and severe 
angina pectoris recurred. Cardiac catheteriza- 
tion on June 15, 1962, revealed a mean ven- 
tricular systolic gradient of 71 mm. Hg across 
the aortic valve. The left ventricular pressure 
was 214/22 mm. Hg, the aortic pressure was 
137/45 mm. Hg (mean 67). The cardiac index 


was 3.31 L./min./M., and the aortic valve 
orifice was calculated to be 0.7 cm, 

On September 26, 1963, the patient had an 
excision of the aortic valve which was replaced 
with a Magovern type ball-valve prosthesis 
(Fig. 1, 4 and B)."'" "The postoperative 
course was uneventful; a murmur of aortic 
insufficiency was not heard. Approximately 
14 months later, on November 13, 1964, the 
patient had an altercation with a customer 
during which he hit his opponent with his fist, 
and in turn was struck across the chest with the 
lid of a garbage can. Four days later, he noted 
soreness over the area of the right second and 
third intercostal spaces. This was followed by 
chest pain which led to his admission to the 
New York Hospital on November 18, 1964. 

Physical examination revealed the blood 
pressure to be equal in both arms, 142/70 mm. 
Hg. The neck veins were flat and the lungs 
clear. The left border of cardiac dullness was 
between the midclavicular and the anterior 
axillary lines. The aortic valve click was clearly 
audible. A moderately loud (Grade m/vi) 
systolic murmur was heard over the aortic 
area. A faint (Grade 1 to 11/vı) high pitched 
diastolic blow was noted along the left sternal 
border, especially on leaning forward with max- 
imal expiration. The liver percussed 4 cm. below 
the right costal margin; the spleen was not 
palpable. The dorsalis pedis pulses were pal. 
pable bilaterally and there was no peripheral 
edema. The electrocardiogram showed right 
bundle branch block and left ventricular hy- 
pertrophy. The roentgenogram of the chest 
showed left ventricular enlargement. Percuta- 
neous right transaxillary supravalvular aortog- 
raphy on December 4, 1964, revealed moderate 
regurgitation of contrast material into the left 
ventricle (Fig. 2, Z and B). The regurgitation 
appeared to occur primarily anteriorly. The 
Magovern valve was securely fixed to the aorta. 


* From the Departments of Medicine, Surgery and Radiology, The New York Hospital- Cornell Medical Center, New York, New 


York. 
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Fic. 1. (4) Frontal and (B) lateral roentgenograms of the chest made following resection of a stenotic 
aortic valve and replacement by a Magovern prosthesis. 


B 


. 2. (4 and B) Biplane oblique angiocardiograms following chest trauma showing mild to 
moderate aortic regurgitation (arrow). 
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lic. 3. Frontal roentgenogram of the chest made 3 
vears later showing that the heart has not in- 


creased in size. 


The patient's chest pain abated and he was 
discharged. Approximately 1 year later, the 
murmur of aortic insufficiency. had become 
louder (Grade 11) and was audible in the sitting 
position. When last examined in October of 
1967, the patient Was comfortable, well com- 
pensated, and without chest pain (Fig. 3). 
There was no increase in loudness of the mur- 
mur of aortic insufficiency. 


DISCUSSION 


Many complications may arise following 
the insertion of an aortic valve prosthesis. 
Chronic hemolysis leading to severe and 
sometimes fatal anemia has been re- 
ported.?9:27.18 Systemic emboli arising 
from the valve suture line have lead to 
permanent anticoagulation treatment of 
such patients following surgery. Infection 
sustained at or subsequent to surgery may 
cause bacterial endocarditis which is usu- 
ally fatal in patients with a prosthetic 
valve; the sutures may tear loose, or a 
mycotic aneurysm may rupture.? 51920 Me. 
chanical problems, also usually fatal, may 
arise when the prosthesis becomes dis- 
lodged, when the ball-valve becomes swol- 
len or fractures, and when it 1s extruded 
from the prosthesis. 133516 The present 
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case adds still another complication that 
mav occur after a prosthetic valve is in 
serted. 

The appearance of an aortic insufficiency 
murmur soon after trauma to the chest in 
the patient herein reported, who had had a 
Magovern valve prosthesis for aortic ste- 
nosis, Is presumptive evidence that the mur- 
mur developed as a result of the trauma. 
The aortic insufficiency. was further sub- 
stantiated by demonstrating regurgitation 
of blood on angiocardiographv. A 3 year 
follow-up period excluded subacute bacte- 
ral endocarditis as a cause of the aortic 
insufficiency. and showed no progression of 
the aortic regurgitation. Usually the ap- 
pearance of such a murmur in a patient 
with an aortic valve prosthesis is followed 
by progressive increase of the regurgitation. 
In this case, the process stabilized sponta- 
neously. It would appear, therefore, that it 
is not necessary to re-explore every patient 
with a newly developed aortic regurgitation 
following insertion of an aortic valve pros- 
thesis. 

The description of the patient’s alterca- 
tion suggests that the degree of trauma was 
not severe, and probably not sufficient to 
cause aortic insufficiency in a person with 
a normal aortic valve. It may be that the 
patient with a prosthetic valve 1s vulner- 
able to even mild chest trauma and, there- 
fore, should be cautioned to avoid it. With 


an increasing number of prosthetic valves 


coming into use, more cases of traumatic 
valvular regurgitation may be anticipated. 
Perhaps some of the patients who have had 
dislodgement of their prostheses may have 
sustained chest trauma prior to this com- 
plication. Such a history should be elicited, 
and if the regurgitation is mild, conserva- 
tive measures may suffice. 


CONCLUSIONS AND SUMMARY 


A 54 year old man developed aortic re- 
gurgitation following a minor blow to the 
chest 14 months after insertion of a Mago- 
vern valve prosthesis for treatment of 
aortic stenosis. A moderate degree of 
aortic regurgitation developed and_ has 
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been well tolerated Over a 4 year period. 9. LAFORET, E.G. Death due to swelling of ball 


Apparently, mild trauma to the chest may 
cause aortic insufficiency in patients with 
an aortic valve prosthesis. These patients, 
therefore, should be warned to avoid 
trauma to the chest. 


Israel Steinberg, M.D. 

The New York Hospital 
525 East 68th Street 

New York, New York 10021 
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ROENTGENOGRAPHIC FINDINGS IN EXTRACARDIAC 
INJURY SECONDARY TO BLUNT CHEST 
AUTOMOBILE TRAUMA* 


By T. 


A. FREED, M.D.,t M. P. NEAL, JR., M.D., and MELVIN VINIK, M.D. 


RICHMOND, VIRGINIA 


ORTIC or great vessel rupture secon- 
dary to blunt chest trauma has be- 
come an increasingly common 
fatality in high speed automobile accidents, 
and was present in 16 per cent of fatal auto- 
mobile accidents in one series." About 20 
per cent of patients with aortic rupture 
survive the initial trauma; however, most 
of the survivors have a weak walled aneu- 
rysm which if undiagnosed and untreated 
will rupture with death occurring within 2 
weeks in approximately 60 per cent, and 
within 10 weeks in approximately go per 
cent." A few will survive relatively asymp- 
tomatically with chronic aneurysms. The 
imperative problem is to establish an early 
diagnosis since advances in vascular tech- 


nique have made successful repair possible 


if diagnosis can be established. The most 
important diagnostic procedure is roent- 
genographv, with plain chest roentgeno- 
grams often leading to suspicion of this 
injury, and arteriography definitively es- 
tablishing it. Criteria for establishing this 
diagnosis will be presented with particular 
emphasis on roentgen findings. 


PATHOGENESIS 


Traumatic rupture of the aorta almost 
always occurs as a result of a transverse 


laceration starting from the inner layer of 


the aorta and extending outwards.” If only 
the intima and media are lacerated, a false 
aneurysm walled off by adventitia results. 
More commonly, a complete laceration oc- 
curs with a false aneurysm being formed by 
a periadventitial hematoma. Complete 
transection of the aorta is not uncommon 
and is present in approximately 40 pe cent 
of patients surviving aortic rupture." The 
most common site, In a study of 300 au- 
topsy cases of traumatic aortic rupture, was 


* From the Department of Radiology, 


cause of 


the aortic isthmus (45 per cent) followed in 
frequency by rupture in the aortic supra- 
valvular area (25 per cent). 
It is believed that rupture is a result of 
a combination of forces involving acute 
flexion and torsion stresses on the aorta as 
well as pressure stresses from the aorta’s 
blood content,?:5:!?!^ with these forces max- 
imal at the aortic isthmus and supraval- 
vular areas. One theory is that the isthmus 
and supravalvular areas of the aorta are 
relatively fixed in relation to the aortic 
arch and descending thoracic aorta, which 
are displaced backwards or forwards follow- 
ing acute deceleration producing flexion 
stresses on the fixed areas." Deceleration 
and impact are also thought to dislocate 
the heart posteriorly and rotate it produc- 
ing shearing forces which are maximal at 
points of relative fixation.” In addition to 
the shearing and torsion forces, there is a 
tremendous force exerted by rapid decel- 
eration of the blood column in the aorta. 
Measurements of tensile strength of the 
aorta by Lundevall!’ indicate that the 
weakest portion of the aortic wall is in the 
aortic isthmus region, followed by the 
supravalvular area; making these areas 
most susceptible to the "water hammer" 
effect of the decelerated blood column.® Al- 
though autopsy series reveal a high inci- 
dence of rupture in the aortic supravalvu- 
lar area, from a clinical point of view, the 
diagnosis of injury in this area is less im- 
portant, perhaps related to a high inci- 
dence of associated cardiac injury resulting 
in almost immediate mortality in ascending 
aortic rupture." 
CLINICAL FINDINGS 


One of the most important aspects of 
aortic rupture is the relative paucity of 


The Medical College of Virginia, Richmond, Virginia. 
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clinical findings. There are no specific 
symptoms. Signs of high specificity include 
sudden onset of hypertension and/or de- 
creased blood pressure in the lower extrem- 
ities, probably due to a physiologic coarcta- 
tion secondary to compression of the true 
aortic lumen by the false aneurysms.* *? 
The presence of a harsh systolic or contin- 
uous murmur in the second left intercostal 
space has been noted and 1s probably due to 


1/17/66 


Fic. 1. Typical sequential roentgenographic changes 
in aortic rupture. (4) Initial examination, several 


hours after injury, reveals widening of the superior 


mediastinum and right pneumothorax. The con- 
tours of the ascending aorta (small arrow) and 
descending thoracic aorta (large arrow) are ob- 
literated by mediastinal hematoma. (B) The fol- 
lowing day, mediastinal widening persists (large 
arrow) and a large left hemothorax is now present. 
(C) Although drainage had been instituted, hemo- 
thorax and abnormal mediastinal contour re- 
mained unchanged. The bulging contour in the 
region of the aortic knob is hematoma, the aortic 
laceration involves the innominate and left carotid 
arteries (see Fig. 6 and 7). 
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turbulent flow at the aneurvsmal site." 
Unfortunately, these findings are relatively 
infrequent in most traumatic aneurysms. 
Differential blood pressure in the arm has 
been noted in over 50 per cent of cases of 
rupture of the innominate artery, but this 
is a relatively infrequent tvpe of thoracic 
vascular injury.’ Pertinent negative find- 
ings, underscoring the difficulty in suspect- 
ing the diagnosis, include absence of anv 


7/18/66 


7/19/66 
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l'1G. 2. Aortic aneurysm, diagnosis made in chronic phase. (4) Initial examination reveals nonspecific widen, 
ing of the mediastinum with obliteration of the descending thoracic aortic contour. (B) Three dvas later- 
the enlarged contour of the proximal descending aorta is more apparent (arrow) than initially but, more 
important, the contour is abnormal for a male patient, 25 years of age. (C) Diagnosis was not established 
until 18 months later when roentgenograms revealed a left superior mediastinal mass (arrows) representing 
the contour of the aortic aneurysm. Aortography (see Fig. 8) established a diagnosis of aortic aneurysm 
which, in retrospect, was probably present at the time of the initial examinations. 


sign of external injury in approximately 1/3 
of the cases.'? One important consideration 
of aortic rupture is that these patients often 
have fractures of the extremities or head 
injuries which are symptomatic. These in- 
juries are easily diagnosed and are con- 
centrated upon to the exclusion of the fre- 
quently clinically silent aortic injury.® 


ROENTGEN FINDINGS 


The single most frequent finding in 
aortic rupture was abnormality of the 
mediastinal contour on chest roentgenog- 
raphy, noted in almost every case reported. 
The problem which invariably occurs is 


whether “mediastinal widening" repre- 
sents magnification due to portable supine 
technique or represents a widened contour 
of an aortic aneurysm, blood in the medi- 
astinum from a vascular injury, or the con- 
tour of an aorta widened and elongated by 
hypertension and/or atherosclerotic 
change. The obliteration of a contour of 
the aorta (Fig. 1, Z, B and C) is evidence 
of a mass of water density contiguous to 


the aorta and should suggest mediastinal 


bleeding. (Contused or atelectatic lung 
will cause contour obliteration in char. 
acteristic locations and should be differ- 
entiated.) The mediastinal blood can origi- 
nate from an aortic rupture, a lacerated 
intercostal or mammary artery, or a lacer- 
ated venous structure. A repeat roentgeno- 
gram, in the event of aortic rupture, will 
frequently show evidence of progressive 
mediastinal widening, a finding which must 
be considered as strongly suggestive of per- 
sistent leakage from an aortic rupture 
until disproven by arteriography. The de- 
velopment of hemothorax or increasing 
hemothorax, despite an adequately func- 
tioning chest tube, is also an indication of 
aortic rupture (Fig. 1,.7, B and C). In some 
cases of aortic rupture, the mediastinal 
widening will regress leaving an abnormal 
contour to the visualized aorta (Fig. 2, 4, 
B and C). If this configuration is seen in a 
patient in the age group of 20-40 years, it 
must be considered evidence of aneurvsm 
until disproven. Thus, serial changes, on 
plain chest roentgenograms, of progressive 
widening of mediastinal contour, progres- 
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sion of, or development of hemothorax, or 
development of abnormal aortic contours 
can indicate a diagnosis of aortic rupture. 
Frequentlv, however, the clinical situation 
is such that a decision must be made on the 
basis of one or two supine roentgenograms 
before anv progressive changes have oc- 
curred. The only way to resolve this prob- 
lem is by arteriography (Fig. 3, 4, B and 
C). In our experience, during the past vear, 
7 out of 10 arteriograms were negative in 
cases of suspected traumatic aortic rup- 
ture. These cases frequently involved el- 
derly patients with abnormal mediastinal 
contours induced, partly, by an elongated 


l'1G. 3. Wide mediastinum, abnormal aortic contour 
without aneurysm. (4) Initial examination, 
slightly rotated, reveals wide mediastinum, abnor- 
mal aortic contour and pleural effusion. Arrows 
indicate rib fractures. The roentgenographic ap- 
pearance, in conjunction with a loud systolic 
murmur in the second left intercostal space, raised 
the possibility of aortic rupture. (B) An aortogram 
(slightly right posterior oblique) shows elongated, 
aneurysmally dilated aorta without rupture. (C) 
Five days later, the left pleural fluid has cleared 
and abnormalities of mediastinal and aortic con- 
tours have regressed. 


dilated aorta (Fig. 35). They frequently 
have physical signs suggestive of rupture; 
i.e., systolic murmurs and hypertension. 
Approximately 25-35 per cent of the pa- 
tients with aortic rupture will die during 
the first 24 hours post injury.’ If these pa- 
tients are to be diagnosed, one must be 
wiling to perform early arteriographic 
examinations, with the realization that 
many of these examinations will be nega- 
tive. 

Chronic aortic aneurysms present as 
mediastinal masses on chest roentgen- 
ography (Fig. 2C). If uncalcified, this mass 
must be differentiated from lymphadenop- 
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l'1G. 4. Acute saccular traumatic aneurysm (arrows) 
in typical location. The transverse tear originated 
just distal to the ligamentum arteriosum along the 
anterior wall of the aorta with intimal and medial 
retraction allowing formation of the large false 
aneurysm demonstrated by lateral aortography. 
Seventy per cent or more of the aneurysms di- 
agnosed pre mortem will be in this location. 


athy or tumor. A history of previous 


trauma should sug 
sis. Again, defini 


gest the correct diagno- 
tiv 

upon arteriography. Occasionally traumat- 
ic aneurysms will calcify and suggest ath- 
erosclerotic aneurysm. Differentiation de- 
pends on history and, to a lesser extent, on 


e diagnosis depends 


absence of demonstrable arteriosclerotic 
changes in the remainder of the aorta and 
other vessels. 


ARTERIOGRAPHY 


Definitive diagnosis depends upon ar- 
teriographv. Although in early case reports 
many diagnostically satisfactory studies 
were obtained using venous angiography, 
we prefer retrograde arteriography because 
of the better delineation of the area of in 
jury. In injuries of the great vessels (Fig. 
6; and 7, ;7 and B), venous studies usually 
lack sufficient detail necessary for accurate 
diagnosis. Even in the more common aortic 
injuries, excellent detail of the location and 
extent of injury is absolutely necessary 
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since surgical dissection in the presence of 
mediastinal hematoma is extremely diffi- 
cult. There have been cases reported of un- 
successful exploration because of inade- 
quate or absent arteriographic studies.! 
Unless there is evidence of decreased blood 
pressure in the right arm, indicating pos- 
innominate 
out by 


sible avulsion, studies are 
carried percutaneous technique 
trom the right axillary artery. This reduces 
the possibility of traversing the area of 
aortic injury which is usually (80 per cent) 
distal to the origin of the innominate ar- 
tery.” J-shaped polyethylene No. 240 
catheters* are used because of their rela- 
tively soft tips which are less likely to pen- 
etrate the aneurysm wall in the event that 
the catheter traverses the area of aortic 
laceration (Fig. 6). Renografin 76 (40-45 
cc.) 1s injected at a rate of 15-20 cc. /sec. in 
the aortic supravalvular area with rapid 
serial filming in left anterior oblique or 
lateral and anteroposterior projections. 
The characteristic finding is an aneurysm 
of variable size in the aortic isthmus area 
(Fig. 4). Occasionally, extravasated con- 
trast medium is visualized. It is impossible 
on the basis of the arteriographic study, to 
differentiate between partial and complete 
laceration of the aorta. Lacerations in the 
supravalvular area are much less common. 
;1 and B illustrates the appear- 
ance of a traumatic aortic-right ventricular 
fistula. The aortic laceration started at the 
left coronary sinus above the valve cusp, 


Figure 5, 


extended along the aortic wall to the right 
coronary sinus then penetrated the aortic 
wall, terminating in a 0.8 cm. fistula in the 
right ventricular outflow tract. The third 
most common site of injurv is the aortic 
arch and great vessel area. Figure 6 illus- 
trates the typical injury with a false aneu- 
rysm of the right innominate artery. The 
laceration extends into the base of the aorta 
and to a second area of laceration involving 
the left carotid artery. Initial surgical re 
palr tailed to definitely identity the left 
carotid injury, Repeat selective study O 


weeks later revealed persistence of the 
aneurysm and, in the interval, development 


* Clay-Adams Inc., New York, N. Y. 
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Fic. 5. (4) Slightly right posterior oblique aortogram demonstrates broad aortic-right ventricular 
fistula (large arrows) partially superimposed on normal right coronary artery (small arrow). (B) Lateral 
aortogram demonstrates the jagged broad fistula (small arrows) extending from the inferior margin of the 
right aortic sinus into the right ventricle which is heavily opacified as is the pulmonary artery by the left 
to right shunt. Aortic supravalvular lacerations usually result in immediate mortality, this case being an 
unusual exception. 


of stenosis above the aneurysm (Fig. 75), 
the latter probably related to organization 
of a subintimal hematoma.? As the illustra- 
tions indicate, arteriographic findings are 
characteristic provided the areas of possible 
injury are adequately opacified. 

Chronic aneurysm will have an essen- 
tially identical appearance (Fig. 3, Æ and 
B); however, depending on duration, will 
occasionally show evidence of calcification. 


l'1G.6. Anteroposterioraortogram reveals broad irreg- 
ular contour of proximal portion of innominate 
artery (large arrows) indicating the contours of the 
traumatic innominate aneurysm. The tear ex- 
tended into the aortic arch. A second traumatic 
aneurysm, involving the left carotid artery, is in- 
dicated by small arrows. 
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kic. 7. (4) Selective arteriography in a great vessel trauma. Arrows delineate contours of an innominate 


aneurysm. There is better visualization than by aortography. (B) Selective studv of left carotid artery 6 


weeks after injury shows development of stenosis (small arrow) distal to aneurysm. Following this study, 


the left carotid artery was successfully repaired. Initial surgical repair had been of the innominate artery 


only? (large arrows). 


TREATMENT 

[n acute aneurysms, surgical repair is 
performed as soon as possible. In most 
cases, partial (left atrial to femoral) bypass 
or total cardiopulmonarv bypass is utilized. 
Usually, even in incomplete lacerations, re- 
traction of the intima and media will pre- 
vent simple apposition of the laceration and 
prosthetic grafts are used to re-establish 
aortic continuity. There are numerous re- 
ports of successful series of repair, many in 
the acute phase.? ^? It is generally felt that 
chronic aortic aneurvsms should also be 
repaired when diagnosis is established. This 
approach is advocated, based on the ob- 
servation that approximately şo per cent 
of the chronic aneurysms will eventually 
show signs of increasing size, some progress- 


ing to rupture.! It is believed that these pa- 
tients tolerate surgical repair better than 
patients with atherosclerotic thoracic aneu- 
rysms because of their better general health 
and better general condition of the aorta. 


SUMMARY 

Early recognition of extracardiac vascu- 
lar injury secondary to severe blunt chest 
trauma is imperative, in view of the dismal 
survival rates of undiagnosed patients with 
this type of injury. Suspicion of this injury 
depends on chest roentgenographic find- 


ings: widening or progressive widening of 


the mediastinum, abnormal or obliterated 
aortic contours, development or increase in 


hemothorax. Definitive diagnosis depends 
on angiographic study, preferably retro- 
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lic. 8. Chronic aortic aneurysm. (4) Anteroposterior and (B) lateral aortograms delineate saccular aortic 
aneurysm at the usual site of traumatic injury. The absence of calcification in the remainder of the aorta, 
the age of the patient, and the history help distinguish this from arteriosclerotic saccular aneurysm. (Same 


case as in Fig. 2, 4—-C.) 


grade arteriography. Approximately 80 per 
cent of injuries will be aneurysms of the 
aortic isthmus area. Less common sites of 
injuries are lacerations or aneurysms of the 
aortic supravalvular area, arch and great 
vessels. High quality arteriography is fre- 
quently necessary to adequately delineate 
injury in these less common sites. 


T. A. Freed, M.D. 

Department of Diagnostic Radiology 
The Clinical Center 

National Institutes of Health 
Bethesda, Maryland 20014 
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CARDIOMYOPATHY: A REVIEW OF 59 PATIENTS 
WITH EMPHASIS ON THE PLAIN CHEST 
ROENTGENOGRAM* 


By CHARLES A. HILL, M.D., THOMAS S. HARLE, M.D., and WILLIAM GASTON, M.D. 


HOUSTON, TEXAS 


NLARGEMENT of the cardiac sil- 

houette often poses a difficult problem 
in roentgenographic interpretation, the 
solution of which is facilitated by a con- 
sideration of the pathogenic mechanisms. 
Cardiac enlargement may occur as a result 
of: (1) An increased volume load (increased 
cardiac output or cardiac shunts) or in- 
creased pressure load (hypertension or 
stenotic valvular disease); (2) myocardial 
injury attributable to coronary artery 
lesions; or (3) primary myocardial disease. 
The latter mechanism comprises a variety 
of diseases which may be conveniently con- 
sidered together under the designation of 
"cardiomyopathy." 7? 

The cardiomyopathies may be divided 
into two categories: (1) Those in which the 
myocardial disease is an isolated process; 
and (2) those in which it 1s associated with 
related disease processes involving other 
systems (Table 1). 

In a retrospective review of Sg patients 
with noncoronary cardiomyopathy, the 
plain chest roentgenograms were studied to 
see whether the diagnosis might have been 
suspected earlier. The following facts 
emerged: (1) The diagnosis of cardiomy- 
opathy was frequently overlooked for a 
long period of time or categorized by some 
nonspecific term. (2) Current diagnostic 
methods, including cardiac catheterization, 
cineroentgenology, and selective contrast 
visualization of the coronary vascular sys- 
tem and cardiac chambers, permit more 
frequent and earlier recognition of this 
disease process. (3) There is a pattern of 
suggestive roentgenographic features seen 
on the plain chest roentgenograms. (4) 
Overdiagnosis 1s avoided if one remembers 
that a similar pattern of roentgenographic 


TABLE | 


ETIOLOGIC CLASSIFICATION OF CARDIOMYOPATHY!'5)!® 








A. Isolated Cardiomyopathy 
1. Alcoholic 
2. Postpartum 

3. Idiopathic 


Cardiomyopathy Associated with Multisystem 
Disease 

Infectious disease 
2. Collagen disease 

. Infiltrative disease (amyloid, hemochroma- 
tosis, tumor) 

. Endocrine and metabolic disease (diabetes 
mellitus, vitamin deficiency, thyrotoxicosis, 
myxedema, acromegaly, hypokalemia) 

. Toxic disease (poisons, drugs, carcinomatosis) 
l'amilial disease (Friedreich’s ataxia, muscu- 
lar dystrophy, glycogen storage disease) 

. Granulomatous disease (fungal, sarcoidosis) 

Mild labile hypertension 








findings may occasionally be encountered 
in ischemic, valvular, congenital, systemic 
hypertensive, and pulmonary hypertensive 
disease. (5) Cardiomyopathy 1s worthy of 
inclusion in the differential interpretation 
of a suggestive plain chest roentgenogram 
because the clinician’s attention may be 
focused on the more common forms of 
heart disease. Recognizing that correct 
treatment 1s dependent upon establishing 
the diagnosis, we shall present those fea- 
tures of the plain chest roentgenogram 
that we consider to be suggestive of cardio- 
myopathy. 


MATERIAL AND METHODS 
A retrospective analysis was made of the 
plain chest roentgenograms of all £9 pa- 
tients with the diagnosis of cardiomy- 
opathy who had been seen at the Cardiac 


* From the Departments of Radiology and Cardiology, Baylor University College of Medicine, Houston, Texas. 
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TABLE II 


ELECTROCARDIOGRAPHIC INTERPRETATIONS* IN 
59 PATIENTS WITH CARDIOMYOPATHY 








No. of 


Findings Tracings 





Acute myocardial infarction pattern 

Atrial fibrillation 

Left ventricular hypertrophy. ........... 
Left atrial enlargement................. 
Left axis deviation 

Right axis deviation 

Nonspecific S-T changes 

Intraventricular conduction defect........ 
Left bundle branch block 

Right bundle branch block 

Premature ventricular contractions....... 
Atrioventricular block 





* Interpretation made by Cardiologist at the Cardiac Clinic. 


Clinic of Ben Taub General Hospital, 
Houston, Texas during the 4 years prior 
to the analysis. There were 40 men and 
1g women. The ages at onset of congestive 
failure ranged from 13 to 68 years (average 
40 years). 

Other more common forms of heart dis- 
ease were excluded in these patients by 
cardiac catheterization, selective coronary 
angiography (54 patients), aortic root in- 
jection (4 patients), and autopsy examina- 
tion (4 patients). Extensive diagnostic 
studies revealed no associated heart dis- 
ease except in I patient in whom constric- 
tive pericardial disease was a secondary 
factor. Observation periods were: More 
than 15 years, 6 patients; IO to I5 years, 
6 patients; 5 to IO years, 9 patients; and 
I to 5 years, 38 patients. 

Each roentgenogram was evaluated for 
configuration of the heart and great vessels, 
pulmonary vascularity, and cardiovascular 
caleifications.! Only the most simple and 
clinically useful measurements were em- 
ployed. It has been pointed out that the 
cardiothoracic ratio 1s significant. only 
when measurements on serial and com- 
parable roentgenograms are available.? $9 
Such data were available on all except 2 
patients. 

Following recent trends, an attempt was 
made to correlate roentgenographic mor- 
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phology, myocardial pathologic physiology, 
and morbid anatomy.' Since cardiac cath- 
eterization and selective coronary angiog- 
raphy failed to reveal evidence of increased 
pressure or volume load, or coronary artery 
lesions, cardiac enlargement was attributed 


TABLE III 


CLINICAL DATA 








No. of 
Patients 








I. Etiologic Factors 
A. Isolated cardiomyopathies 
1. Alcoholism 
2. Alcoholism and mild labile 
hypertension 
. Alcoholism and nonspecific 
pericarditis 
. Alcoholism and chronic pul- 
monary disease 
5. Postpartum 
6. Idiopathic 
. Cardiomyopathy associated with 
other diseases 
. Diabetes mellitus 
. Diabetes mellitus and mild 
labile hypertension 
. Infections 
. Natural gas inhalation 
. Borderline hypothyroidism, 
post-treatment with ['* (1) 
and surgery (1) 
6. Scleroderma 
7. Mild labile hypertension 
Il. Cardiac Catheterization Data 
Congestive hemodynamic pattern, 
occasionally associated with 
trivial valvular incompetence 
(must be differentiated from 
common causes of congestive 
failure, valvular disease, and 
ischemic heart disease) 
Restrictive hemodynamic pattern 
(must be differentiated from 
pericardial disease) 
Obstructive hemodynamic pattern 
(should be considered with and 
differentiated from stenotic 
valvular lesions) 
. Embolic Lesions (pulmonary, cerebral, 
renal, splenic, coronary artery) 
. Eight Deaths Recorded 
Pulmonary emboli 
Coronary artery embolus 
Sudden death without necropsy 
examination 











Cardiomyopathy 


Fic. 1. (A) January 17, 1956: Initial chest roentgenogram demonstrating the typical appearance of cardio- 
myopathy. (B) March 14, 1960: Chest roentgenogram shortly before the first episode of clinical congestive 
failure. (C and D) September 28, 1963: Chest roentgenograms in 1963 demonstrating progressive intract 


able cardiomegaly. 


to inability of the myocardium to main- 
tain tone and support valvular structures. 


Normal or small aortic silhouettes and 
various manifestations of congestive failure 
were attributed to inability of the myo- 
cardium to function as a satisfactory pump, 
with resultant diminished cardiac output. 
Electrocardiographic changes were attrib- 
uted to failure of myocardial irritability, 
rhythmicity, and conductivity (Table r1). 
Myocardial dysfunction was attributed to 
disordered cellular nutrition and metab- 
olism, which was manifested grossly by 
myocardial hypertrophy, dilatation, ex- 
tensive fibrosis, and frequent bland mural 
thrombi.^ 7?! 


CLINICAL FINDINGS 


The significant clinical data are pre- 
sented in Table 11. The natural course of 
the disease may be illustrated by a typical 
case history: 


L. O., a 22 year old Negro male, was first 
seen in the emergency room in 1956, "very 
intoxicated." He experienced the first episode 
of congestive failure in 1961 at 27 years of age. 
It was noted at that time that “he drinks regu 
larly and to excess." By 1963, heart failure was 
intractable. The only significant clinical finding 
was an enlarged heart and congestive failure. 
He died suddenly on March 27, 1964, at the 
age of 30 years (Fig. 1, 4—-D). Anatomic findings 
were: biventricular cardiac hypertrophy, heart 
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(4) Pulmonary artery emboli (arrows). (B) Bland mural thrombi (arrows). (C) Microscopic section of 


organized mural thrombus. (D) Microscopic section demonstrating myocardial fibrosis. 


weight of 630 gm. (350 gm. considered normal), 
atrial dilatation and bland mural thrombi, 
normal coronary arteries, multiple pulmonary 
emboli, and multiple renal emboli. Microscopic 
sections showed extensive myocardial replace- 
ment by fibrous tissue (Fig. 2, ,4- D). 


ROENTGENOGRAPHIC FINDINGS 
The roentgenographic findings of 59 pa- 
tients are summarized in Table rv. The 
roentgenographic pattern which we con. 
sider suggestive of cardiomyopathy con- 


sists of biventricular cardiomegaly, sym- 
metric chamber enlargement and failure 


without congestive pulmonary changes 
(the etched appearance) (Fig. 3, 4, B and 
C), rapid decrease in heart size with treat- 
ment (the accordion heart) (Fig. 4, 4-D), 
normal or small aortic silhouette, and infre- 
quent cardiovascular calcification. 


Where the chamber enlargement was 
somewhat asymmetric or severe, pulmo- 
nary and systemic congestive changes were 
frequently found." Cardiomyopathy oc- 
casionally presents a normal roentgeno- 
graphic appearance such as is more com- 
monly found with coronary artery disease. 


DISCUSSION 


1 


Cardiomyopathy is usually found in 
young and middle-aged adults. Initially, 
there is a diffuse myopathy resulting in an 
inability to maintain cardiac muscle tone 
when exposed to normal or increased vol- 
ume or pressure loads. This results in sym- 
metric cardiomegaly. Cardiac output is 
low, and therefore the aorta is normal or 
small. Further stress or myocardial injury 
results in impaired contractility and con- 
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gestive changes. The changes may become 
intractable if treatment is not instituted. 
Embolic lesions and sudden death are fre- 
quent complications. 

Cardiomyopathy has many etiologies. 
In the search for a specific etiologic factor, 
useful clinical data include medical history, 
findings on physical examination, routine 
blood and urine analvsis, glucose tolerance 
test, thyroid function test, serum protein 
electrophoresis, iron studies, L. E. prepa- 
ration, skin tests for fungus, febrile ag- 
glutinins, antistreptolysis titer, and renal 
function tests. 

The high incidence of alcoholism in 
cardiomvopathy patients has long been 
recognized.?5!1.5!5 In the present series, 
alcoholism was considered the major factor 
in 37 of the 59 patients. The diagnosis of 
alcoholism was based on the opinion of the 
attending physician following prolonged 
observation, the patient's historv, treat- 


Fic. 3. (4) May zo, 1966: Typical plain roent- 
genographic findings of cardiomyopathy: sym- 
metric biventricular cardiomegaly, small aortic 
silhouette, absence of calcifications, and minimal 
signs of congestion. (B) May 9, 7966: Norm al selec- 
tive right coronary arteriogram. (C) May 9, 1966: 
Normal selective left coronary arteriogram. 


TaBLe IV 


ROENTGENOGRAPHIC FINDINGS (59 PATIENTS) 


No. of 


Findings dir 
- Patients 


Related to failure to maintain cardiac 
muscle tone 

Biventricular enlargement 

Rapid change in heart size with 
treatment (accordion sign) 

Balanced chamber involvement without 
congestive changes (etched appear- 
ance) on at least one examination 

Related to failure of pumping function 

Normal or small aortic outline 

Pulmonary hilar vascular engorgement 

Alveolar edema 

Interstitial edema 

Pleural effusion 

Azvgous vein dilatation (over c. 
in diameter) 


cm. 


. Cardiovascular calcifications 


Aortic calcification 
Pericardial calcification 
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ment or incarceration for acute alcoholism, 
or treatment for delirium tremens. The pre- 
ponderance of alcoholic patients in anv 
large series of cardiomyopathy patients 
supports the observation by Steell' of the 
frequent association of alcoholism and 
heart disease. [t is surprising to find that, 
despite interesting hvpotheses, the exact 
casual relationship remains obscure. 

The association of cardiomyopathy with 


diabetes mellitus in 7 patients is of special 
interest. Further study to clarify the inci- 


OcTORI ER. 1900 


l'1G. 4. (4) October 6, 1966: and 

(B) November 30, 1966: Rapid 

decrease in heart size after in- 

stitution of treatment in a 
patient with cardiomyopathy. 
(C) October 14, 1966: Normal 
selective right coronary arterio- 
gram. (D) October 14, 
Normal selective left coronary 
arteriogram. 


1960: 


dence of noncoronary cardiomyopathy in 
diabetes and the interrelationship of the 
two diseases is in progress. It is too early 
to speculate what further investigation of 
the relative importance of cardiomyopathy 
versus coronary artery disease in diabetic 
patients may reveal. 

Seven patients manifested a mild labile 
hypertension associated with dispropor- 
tionate cardiomegaly. Myocardial disease 
must be considered as a factor of variable 
Importance in hypertensive patients. Oc. 
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casionally it may be the predominant factor 
in cardiac enlargement associated with 
hypertension. 91? 


DIFFERENTIAL DIAGNOSIS 


Arteriosclerotic heart disease (coronary 
artery disease) is the most difficult ditfer- 
ential diagnostic problem. Angina and an 
electrocardiographic pattern of acute myo- 
cardial infarction may be present in either 
disease. The roentgenographic features of 
cardiomyopathy are occasionally encoun- 
tered in coronary artery disease. Coronary 
angiography is indicated where therapeutic 
decisions must be made.'?: "12.1.79 

The pattern of chamber involvement, 
great vessel configuration, and cardio- 
vascular calcifications aids in differentiat- 
ing more common forms of heart disease, 
i.e., valvular, congenital, systemic hyper- 
tensive, or pulmonary hypertensive. Car- 
diac configuration, contrast cardiac cham- 
ber visualization, CO, angiography, or 
heart blood pool scan are useful in dif- 
ferentiating pericardial disease. 

Clinical data must be relied upon to ex- 
clude subacute bacterial endocarditis when 
embolic phenomena are a prominent fea- 
ture. 


SUMMARY 


The natural history, suggestive roent- 
genographic findings, and differential diag- 
nosis of cardiomyopathy are presented. An 
attempt is made to correlate roentgeno- 
graphic morphology, pathologic physiology 
and morbid anatomy in a retrospective 
review of £9 patients. 


Charles A. Hill, M.D. 
11109 Elbeck Street 
Houston, Texas 77035 
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IHE ROENTGENOLOGIC FINDINGS AND APPROACH 
IO PERSISTENT TRUNCUS ARTERIOSUS IN INFANCY* 


By BENJAMIN E. VICTORICA, M.D.,} and LARRY P. ELLIOTT, M.D.t 


GAINESVILLE, FLORIDA 


ERSISTENT truncus arteriosus is a 

relatively rare cardiac malformation 
which has received little attention in the 
radiologic literature. It classically is con- 
sidered within the differential diagnosis of 
those cardiac lesions manifesting cvanosis. 

In a comprehensive clinical study of 14 
infant cases of persistent truncus arteriosus 
(PTA),!° certain findings became apparent 
which were either at variance with the 
classical, or have received little if any em- 
phasis in the literature. Thus, the high- 
lights of the clinical review!" are combined 
together with a detailed roentgen analysis 
to emphasize the following: (1) in infancy, 
the classically described clinical signs in 
PTA are usually absent; (2) in spite of ab- 
sence of the classical, our studies indicate 
that the clinical and roentgen findings when 
correlated together are often diagnostic; (3) 
PTA is one of the few cardiac conditions in 
which two roentgen findings (right aortic 
arch in the presence of "shunt" vascular- 
ity) take precedence over all clinical signs; 
and (4) right ventriculography is as supe- 
rior a diagnostic procedure as aortography 
in arriving at the correct diagnosis. 


DEFINITION AND CLASSIFICATION 


Lev and Saphir, and later Collett and 
Edwards? proposed that the only two cri- 
teria necessary for the anatomic diagnosis 
of PTA were: (1) the presence of only one 
arterial trunk leaving the base of the heart 
without any remnant of an atretic pulmo- 
nary artery or aorta being present; and (2) 
that this single arterial trunk must supply 
the systemic, pulmonary and coronary 
circulations. Collett and Edwards? divided 


PTA into four major types. Since clinically 
it is not possible to differentiate their Type 
11 from Type n1, we will follow the classifi- 
cation proposed by Tandon eż a/.8 Type 1, 
same as Type 1 of Collett and Edwards, 
with the pulmonary arteries arising from 
the left inferior aspect of the common ar- 
terial trunk (Fig. 14); Type 11, combining 
Types r1 and wi, with the pulmonary ar- 
teries arising close together from the dorsal 
wall (Fig. 14), or independently from either 
side of the truncus (Fig. 1c). 

Because of differences of opinion as to 
whether or not Type 1v truncus represents 
a true example of PTA, a condition in 
which the lungs are supplied by bronchial 
arteries arising from the descending aorta, 
we have decided to exclude such cases from 
our series. Moreover, the clinical, roentgen 
and physiologic aspects are entirely ditter- 
ent than PTA, Type rir. 

We also have excluded from our series 
the so-called Type v of Collett and Ed- 
wards? and the Type B of Van Praagh 
and Van Praagh.* We are of the opinion 
that these types, usually without a ventric- 
ular septal defect and with two separate 
arterial semilunar valves and two distinct 
vessels, are better classified as aorticopul- 
monary septal defects. 


MATERIAL AND METHODS 


Our case material is represented by 14 
infants. Each case was initially seen in the 
first vear of life because they were sympto- 
matic. Cardiac catheterizations were per- 
formed in 10 patients. The diagnosis was 
confirmed by necropsy in 8 patients; angio- 
cardiography in 4; and surgery alone in the 


* From the Departments of Pediatrics} and Radiology,f University of Florida College of Medicine, Gainesville, Florida. 
T Instructor and Special Trainee, Pediatric Cardiology, Department of Pediatrics. 


t Professor of Radiology (Cardiac), Department of Radiology. 


Supported in part by grants from the Florida Heart Association (Suncoast and Palm Beach Chapters), the Graduate Clinical Pediat- 
ric Cardiovascular Training Grant, 1-T12-HE5774-o1, the Developmental Physiology Training Grant, T:-HD-0054 (Trainee, Dr. 
Victorica), the NIH Undergraduate Training Grant, 2T 1-HE $108, and Cardiovascular Radiology Training Grant HE-05856-0o1. 
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‘Pe | 


( PSEUDO PULMONARY 
TRUNK TYPE) 


Persistent Truncus Arteriosus 


TYPE III 


TYPE |I 


c 


Fic. 1. Schematic drawing of three basic types of persistent truncus arteriosus. (4) Type I (pseudo-pul- 
monary trunk type). The pulmonary arteries arise from the left inferior base of the common trunk. Type | 
is termed pseudo-pulmonary trunk type because, on plain roentgenograms, the left pulmonary artery arises 
in such a manner that it mimics a normal pulmonary trunk. (4) Type II variety. The pulmonary arteries 
arise independently from the posterior aspect of the truncus arteriosus. (c) Type III variety. The pul- 
monary arteries arise from the lateral aspects of the common arterial trunk. Type IH and III have been des- 
ignated as simply Type II, since differentiation is based on minor anatomic criteria and they cannot be 


distinguished clinically. 


remaining 2. Twelve patients were of Type 
1; and 2 patients of Type 11. Eight patients 
underwent surgical procedures. 

Three had a thoracotomy for the preoper- 
ative diagnosis of patent ductus arteriosus, 
and no palliative operation was done. Two 
had a Blalock-Hanlon operation for a pre- 
sumptive clinical diagnosis of complete 
transposition of the great vessels and total 
anomalous pulmonary venous connection. 
Pulmonary artery banding was attempted 
in the remaining 3 patients. Six of these 8 
infants died, including all in whom a band- 
ing procedure was attempted. Five patients 
are still alive, the oldest now being 6 vears 
of age. 

RESULTS 
INCIDENCE 

The incidence of PTA is 1 per cent of a 
total of approximately 1,500 cases of con- 
genital heart disease observed at the Uni- 
versity of Florida. We, as McCue e al., 
found no seasonal incidence in our cases as 


suggested by Anderson eż a/.' In the present 
series, the male to female sex ratio was 2:1, 
but combining several series? *? the sex 
ratio is equal. 


SUMMARY OF KEY CLINICAL FACTS 


Detailed clinical, electrocardiographic, 
and physiologic data were reported in an- 
other communication.? Although this re- 
port deals with a more detailed analysis of 
the roentgen features, only the clinical data 
of special interest to the radiologist will 
be presented. 

All physical and laboratory findings were 
those of a large extracardiac left to right 
shunt. Some degree of growth retardation 
was present in several infants. Early onset 
of congestive heart failure was observed in 
each case. Frequent respiratorv infections, 
culminating in pneumonia, were common 
features too. 

[n only 2 of 14 cases, was there evidence 
of obvious clinical cyanosis. In the other 12, 
cyanosis was either absent or questionably 
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present. Each patient revealed a loud svs- 
tolic murmur preceded by a prominent 
systolic ejection click. The murmur was 
heard loudest at the lower left sternal 
border and apex. A diastolic low murmur 
was present at the apex in 9 instances. Con- 
tinuous (mimicking patent ductus arterio- 
sus) or truncal valve insufficiency murmurs 
were present in 2 cases. Two audible com- 
ponents to the second sound were heard in 
6 patients and demonstrated phonocar- 
diographically in 4. 

Electrocardiographically, the findings 
were: all patients revealed a normal mean 
QRS axis for age with the axis being con- 
fined between +55° and +130°. Severe 
degrees of right or left axis deviation were 
not observed. Combined ventricular hyper- 
trophy occurred in 10 patients. Isolated 
right ventricular hypertorphy (3 cases) and 
isolated left ventricular hypertrophy (1 
case) were uncommon. 

A high incidence of extracardiac congeni- 
tal anomalies was observed. The incidence 
In our series, as well as that in the litera- 


ture, was approximately co per cent. This 
included absence or hypoplasia of one kid- 
ney, skeletal anomalies, absent gallbladder, 
hypoplasia of one lung, and cleft palate. 


Cardiac catheterization findings (10 
cases) of importance were: (1) an abnor- 
mally wide pulse pressure in 8 of 9 cases (this 
was not detected clinically because of the 
difficulties in obtaining accurate blood pres- 
sures in sick infants); (2) a systemic arterial 
oxygen saturation greater than 85 per cent 
in 8 of g cases; and (3) pulmonary artery 
oxygen saturations ranging from 3 to 20 
per cent less than the systemic arterial 
oxygen saturations. This indicates that 
considerable streaming occurs between the 
systemic and pulmonary arterial circula- 
tions. 


ROENTGENOLOGIC FINDINGS 
Plain roentgenography. The position (si- 
tus) of the heart, lungs and upper abdomi- 
nal organs was of the solitus (usual) type. 
In all cases the central and peripheral pul- 
monary vessels were abnormally prominent 
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of the "shunt type" (Fig. 2-6). Seven of the 
14 patients (50 per cent) exhibited signs of 
pneumonia, usually confined to both upper 
lobes (Fig. 2, a, 6 and d). Only 3 of the 14 
cases showed what appeared to be a well 
defined pulmonary trunk (Type 1 cases; 
Fig. 2c; and 34). Among the remain- 
ing 11 infants, the convex density of the 
normally positioned pulmonary trunk was 
absent. This region of the upper aspect of 
the left heart border simply blended in with 
the entire left heart border. In only 1 case 
was the region of the left heart border con- 
cave. 

In 12 patients, the superior mediastinum 
was relatively narrow for age. The right 
hilum appeared high in 3 cases. The left 
hilum was abnormally high in only 1 infant, 
(Type 11 variety). 

Six of 14 cases exhibited a right aortic 
arch (Fig. 2c; 34; and 42). A further break- 
down regarding types showed a right arch 
in 5 of the 12 Type 1 and 1 of the Type 11 
cases (Fig. 42). 

Obvious /eft atrial enlargement was noted 
in 7 of 14 patients (Fig. 34). In 2 others, the 
findings of the left atrial enlargement were 
equivocal. In all infants the right heart was 
abnormally prominent in either the pos- 
teroanterior, left anterior oblique view, or 
both. In 3 cases, the right or anterior heart 
border in the left anterior oblique view was 
not prominent. In these 3 cases this was be- 
cause the common arterial trunk was dis- 
placed anteriorly and masked the usual 
signs of right heart enlargement (Fig. 64). 
This is important to realize since this roent- 
gen image is characteristic for complete 
transposition. 

The heart was obviously enlarged in 13 
of 14 patients. In 1 case, cardiac enlarge- 
ment was equivocal. 

The shape of the cardiovascular silhou- 
ette was of 2 types. The first and most 
common (11 of 14 cases) resembled some- 
what the contour commonly observed in 
the condition of complete transposition of 
the great vessels. Further examination, 
however, showed that in 10 of 12 cases the 
upper left heart border exhibited an ob- 
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liG. 2. Four cases of persistent truncus arteriosus. (a) Type I. There is bilateral upper lobe pneumonia. The 
superior mediastinum is narrow, the right heart border is abnormally prominent and there is a relativel) 
straight line contour to the left heart border (black line paralleling left heart border). (^) Type I. Prominent 
vascularity of the shunt type with bilateral upper lobe pneumonia. The superior mediastinum is narrow. 
The heart is enlarged and again noted is the relatively straight line contour to the left heart border (black 
line). (c) Type I. There is prominent pulmonary vascularity. The white arrows indicate a convexity which 
could be interpreted as a normal pulmonary trunk. However, in the presence of a right aortic arch, this rep- 
resents the lateral aspects of the left main pulmonary artery. The left heart border is relatively straight 
(black line). (¢) Type II. There is bilateral upper pneumonia with shunt vascularity. The right heart border 
is prominent, yet the left heart border is relatively straight. Note the somewhat elevated appearance of the 
left hilum. 


vious straight line contour that is not ordi- ity. In the remaining 2 cases, the lett heart 
narily seen in complete transposition (Fig. border was convex (Fig. 5, a and 4). In other 
2, a, b, d; and 4) or other more common words, the plain roentgenograms in these 
cyanotic conditions with increased vascular- 2 cases with a left aortic arch were indis- 
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l'1G. 3. Case of Type I persistent truncus arteriosus. (a) Posteroanterior view of the chest shows prominent 
vascularity of the shunt type, right aortic arch, and a convexity in the upper left heart border (white ar- 
rows) which simulates a large pulmonary trunk. In Type I, this represents the left pulmonary artery as it 
arises from the left lateral aspect of the truncus. (4) Lateral view. There is posterior deviation of the barium 
filled esophagus indicating left atrial enlargement. This view is relatively nonspecific. 


tinguishable from those of complete trans- fined convexity along the upper left heart 
position of the great vessels. border. This structure resembled a large 

The second and least common (3 cases) pulmonary trunk and was present onlv in 
showed an enlarged heart with a well de- Type 1 cases (Fig. 2c; and 34). It was in- 


— m / 


lic. 4. Two cases of persistent truncus arteriosus. (a) Type I PTA with left aortic arch. There is shunt vas 
cularity and the heart is enlarged. The convex density in the region ordinarily occupied by the pulmonary 
trunk is not as apparent as in the other cases. (4) A case of Type II PTA with right aortic arch. Note the 


straight left heart border. 
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Fic. 5. Two cases of persistent truncus arteriosus, whose cardiac silhouette mimics complete transposition of 
the great vessels. (a) Left aortic arch. (4) Right aortic arch. In both cases there is shunt vascularity with an 
enlarged "egg shaped" heart. The superior mediastinum is relatively narrow and the left heart border 1s 
atypically curvilinear. Regardless of the shape of the heart, the combination of right aortic arch and shunt 


vascularity equals PTA until proven otherwise. 


teresting that the left heart border in the 
2 less common types of cardiac silhouette 
also exhibited a distinct tendency for the 
“straight left heart border.” 


Angiocardiography (Fig. 7-10). The pro- 
cedures of choice to delineate the anatomic 
abnormalities in PTA are selective ascend- 


ing thoracic "aortographv" (with the 
catheter tip in the root of the trunk) to- 
gether with right ventriculography. 
Selective thoracic ascending ‘“‘aortog- 
raphy" revealed: (1) a common semilunar 
valve with 2 or more cusps (Fig. Sa); (2) 
both coronary arteries arising from the 


v. | 00853 
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lic. 6. Case of Type I persistent truncus arteriosus in posteroanterior (2) and left anterior oblique (2) views. 
[n a, the left heart border is relatively straight and there is a left aortic arch. The right heart border is not 
prominent. In 4, the aorta (arrows) is displaced anteriorly to the point that it masks the large right heart. 
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lic. 7. Thoracic aortogram in Type I persistent truncus arteriosus. (a) 
view of injection into the truncus arteriosus (TA) 
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Anteroposterior view and (2) lateral 


. The position of the catheter indicates that the aortic 


arch is on the right. There is immediate and dense opacification of both the truncus arteriosus and the left 
and right pulmon: ry arteries. The left pulmonary artery as it courses superiorly forms a small convexity 


which mimics the pulmonary trunk. 


(Fig. 104); (3) a large common ar- 
terial trunk with the pulmonary arteries 
arising inferior and to the left of the com- 
mon arterial trunk (Type 1), or the pul- 
monary arteries arising in an independent 
fashion (Type 11). In addition to the above 
findings, aortic incompetence 
curred in 1 patient out of 8 in whom “‘aor- 
tography? was performed. [n another 
patient, there was truncal valve stenosis 
(Fig. 10a). The pressure difference across 
ne valve was £5 mm. of Hg. 

[n 2 cases, the origin of the right coronary 
artery was well delineated. The right coro- 
nary artery (and the 
cases examined at necropsy) arose above 
the right or anterior truncal cusp (Fig. 
100). This was best seen in the lateral view 
of the "aortogram." The importance of 
this finding will be dealt with in the com- 
ment, 

Right ventriculography was performed 
in 2 cases (Fig. 8, c and d; and 9). In each 


truncus 


valve OC- 


in both these cases 


case the common arterial trunk and pul- 
monary arteries opacified simultaneously. 
The single arterial trunk 
large ventricular septal defect. The ventric- 
ular septal defect showed the angiocardio- 
graphic features identical to those defects 
characterized by a cono-truncal abnormal- 
ity such as tetralogy of Fallot and the 
Eisenmenger type of ventricular septal 
defect. 

Of fundamental importance total 
of visualization of a right ventricu- 
lar infundibulum (Fig. 87; and 92). In all 
examined angiocardiographically 
and/or at necropsy, the right ventricular 
infundibulum absent. This sign has 
diagnostic implications. of im- 


arose above a 


Was 
absence 


CaSeS 


Was 
obvious 
portance to be discussed subsequently. 
Cine aortography was performed in 7 
cases. [n 1 case with 4 cusps, there was an 
asy nchronous contraction of the valve cusps 
a phenomenon that mav explain the so- 
called "split second sound.’ 


^8 
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Fic. 8. Type I persistent truncus arteriosus. Same case as shown in Figure 3. (a) Anteroposterior and (4) lat- 
eral view of injection into truncus arteriosus (TA). The injection shows evidence of 4 cusps (each indicated 
by a small numeral 1), a large truncus arteriosus (TA), and both the right and left pulmonary arteries 
arising from the left inferior aspects of the common trunk itself. The left pulmonary artery (LP A) forms th: 
so-called pseudo pulmonary trunk characteristic of Type I. (c) Anteroposterior and (d) lateral right ven 
triculogram. The inflow portion of the trabeculated right ventricle (RV) is well opacified. There is immedi 

ate opacification of the truncus arteriosus (TA) and the pulmonary arteries. Characteristic for PTA is 

absence of opacification of the infundibulum or outflow tract of the right ventricle (RY). 
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lic. 9. (a and 4) Right ventriculogram in Type I case of persistent truncus arteriosus. The inflow portion of 
the right ventricle (RV) shows dense opacification while there is absence of visualization of a right ven- 


tricular infundibulum. 


COMMENT 
Classically, the condition | persistent 
truncus arteriosus (PTA) is considered as 
manifesting overt cyanosis, a loud pure 
single second sound (because there is only 


FIG. 10. 


one semilunar valve), and electrocardio- 
graphic evidence of right axis deviation 
with right, left or combined ventricular 
hypertrophy. 

In a clinical, roentgenologic and patho- 


Type I case of persistent truncus arteriosus. (a) Anteroposterior view and (4) lateral view of injec- 


tion into the truncus arteriosus (TA). In this case, the right coronary artery (RC) arises above the right or 
anterior Cusp in a normal manner. In the lateral view (4), the truncus arteriosus appears somewhat an- 
teriorly displaced. This might be confused with a transposed aorta. The fact that the right coronary artery 
arises normally, rules out any major form of transposition. In addition, the truncal valve is domed (arrows) 


and stenotic. LC = left coronary artery. 
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logic study!" we were impressed with the 
absence of certain so-called classic clinical 
signs in the infant with PTA. In our study, 
overt cyanosis was uncommon. Only 2 pa- 
tients revealed this sign. Approximately 
one-half of our patients exhibited two dis- 
tinct components to the second heart 
sound: an auscultatory finding that was 
documented phonocardiographically as 
well and one which ordinarily indicates the 
presence of two semilunar valves. Severe 
right or left axis deviation did not occur. 
Moreover, combined ventricular hvper- 
trophv was the common form, rather than 
pure right or left ventricular hypertrophy. 

Despite this absence of the expected 
clinical picture in the infant with PTA, 
our cases did reveal several clinical signs, 
which if absent, should lead the roentgenol- 
ogist away from the diagnosis of PTA. 

The four findings in our infant cases 
which were essentially uniform through- 
out were: (1) congestive heart failure; (2) 
an obviously loud systolic murmur along 
the left sternal border; (3) a discernible 
systolic ejection click; and (4) a normal 
electrocardiographic axis (for age). As men- 
tioned previously, severe right or left axis 
deviation did not occur during infancy. 

Additional findings of importance were 
that ço per cent of our cases exhibited some 
form of extracardiac anomaly (/.e., renal 
anomaly, spinal anomalies, etc.). Although 
a wide pulse pressure was documented at 
the time of cardiac catheterization, this 
was not detected clinically for the reasons 
given before. 

In summary then, the radiologist should 
not discount the diagnosis of PTA because 
the patient is zo¢ cyanotic, does not reveal 
a "single second sound" or electrocardio- 
graphic evidence of right axis deviation. 
However, doubt as regards to PTA should 
arise In any infant suspected of heart dis- 
ease if there is absence of cardiac failure, an 
inconsequential murmur, absence of a 
systolic ejection click, and an electrocardi- 
ographic axis outside the normal range for 
age. 

From a roentgenologic viewpoint, the 
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plain roentgenographic findings may range 
from being highly suggestive of PTA to 
mimicking more common forms of heart dis 
ease such as complete transposition of the 
great vessels, a large ventricular septal 
defect in failure, etc. 

Plain roentgenographic findings highly 
suggestive of PTA are right aortic arch oc- 
curring in a patient with prominent pul- 
monary vascularity of the shunt type. 
Right aortic arch 1s such a key finding, that 
infants with this sign in the presence of in- 
creased vascularity should be considered 
as PTA until proven otherwise. This is 
true even if the auscultatory findings are 
those of patent ductus arteriosus. 

The primary reason for the above dictum 
is that right aortic arch is rarely seen in 
other congenital heart lesions with "shunt" 
vascularity. The only other forms of con- 
genital heart disease that enter into the 
differential diagnosis under these same 
circumstances are tricuspid valve atresia 
with transposition of the great vessels and 
the Eisenmenger form of ventricular septa! 
defect. Moreover, most patients with right 
aortic arch are either normal or have a 
congenital heart lesion characterized by 
decreased pulmonary vascularity (e.g., te- 
tralogy of Fallot). 

In patients with a /e/? aortic arch, the 
diagnosis from plain roentgenograms is 
more difficult. The findings in these pa- 
tients resemble somewhat those of com- 
plete transposition. of the great vessels 
(narrow mediastinum, large right atrium, 
etc.). However, upon closer inspection, the 
majority of our cases exhibited a straighter 
left heart border than in the usual case ot 
complete transposition of the great vessels. 

A much publicized sign is an abnormally 
high left hilum. This was present in only | 
patient (Type 1 variety). When present it 
is a valuable sign, but it is uncommon in 
our experience and difficult to detect in the 
infant. 

Once PTA is suspected on the basis of a 
right aortic arch and "shunt" vascularity, 
Type 1 may be distinguished from Type 11 
by the appearance of the upper left heart 
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border. In Type 1, the left pulmonary ar- 
tery as 1t arises from the left lateral base of 
the common trunk may produce a convex 
density on plain roentgenograms identical 
to a pulmonary trunk. In the Type 11, no 
such convex densitv exists because the left 
pulmonary artery arises in a different man- 
ner. This pulmonary trunk sign was present 
in 3 cases and 1s only significant in the 
presence of a right aortic arch. 

The procedure of choice to diagnose 
PTA is selective angiocardiography. Either 
selective ascending thoracic “‘aortography”’ 
and/or right ventriculography will de- 
lineate the anatomic abnormalities. If the 
route of catheterization is via a saphenous 
vein, both right ventriculography and 
"aortography" may be performed. The 
latter is achieved since manipulation of the 
catheter through the truncal valve can 
often be accomplished. Moreover in in- 
fants, the saphenous (leg) route allows the 
use of a larger catheter for the performance 
of selective angiocardiographv than the 
arm route. 

Right ventriculography may be as val- 
uable as thoracic “aortography” in arriv- 
ing at the correct diagnosis. This becomes 
apparent when it is realized that PTA is 
characterized by a maldevelopment of the 
conus septum or outflow portion of the 
right ventricle. The maldevelopment of the 
conus septum is manifested by what ap- 
pears to be absence of a normal right ven- 
tricular infundibulum. With right ven- 
triculography, the upper anterior portion 
of the right ventricle is relatively smooth 
and a well defined infundibulum is never 
visualized.* In addition, right ventriculog- 
raphy reveals a large ventricular septal de- 
fect with a single arterial trunk arising from 
both ventricles. 

The origins of the pulmonary arteries 
and coronary arteries are best demon- 
strated by selective ascending "'aortogra- 
phy” with the catheter tip just above the 
truncal valve. Advantages of selective 
"aortography"' are that the type of PTA is 
more easily defined, the coronary artery 
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pattern and the truncal valve cusps better 
delineated, and truncal valve incompe- 
tence, if present, revealed. 

Determination of the site of origin of the 
right coronary artery is important. This is 
because the common arterial trunk may be 
so anteriorly displaced one might be misled 
into thinking this is a condition character- 
ized by some form of transposition of the 
ascending aorta. The right coronary artery 
in PTA arises normally from the right or 
anterior cusp; the posterior cusp being the 
noncoronary one. In all conditions char- 
acterized by transposition of both the 
aorta and pulmonary trunk, 7.e., complete 
transposition, inversion of the ventricles 
(corrected transposition), various forms of 
single ventricle with transposition, etc. the 
right coronary artery arises from the pos- 
terior cusp, and the right or anterior aortic 
cusp is the noncoronary one.’ 

Differential diagnosis from an angiocar- 
diographic viewpoint involves primarily 
aorticopulmonary window with or without 
a ventricular septal defect and right pul- 
monary artery arising from the aorta with a 
ventricular septal defect. Angiocardio- 
graphic evidence of 2 semilunar valves and 
both coronarv arteries arising above their 
respective aortic valve sinuses will usually 
suffice as differentiating points. If "aortog- 
raphy” is questionable, right ventriculog- 
raphy will differentiate these conditions. In 
aorticopulmonary window (with or without 
a ventricular septal defect), right ventric- 
ulography will reveal an infundibular 
chamber. As mentioned above, in PTA, the 
infundibulum appears absent. 


SUMMARY 


In a review of 14 infant cases of persis- 
tent truncus arteriosus (PTA), the following 
resulted. 

During infancy, the classic signs of PTA 
were usually unapparent. Overt clinical 
cyanosis, a pure single second sound and 
severe right axis deviation were invariably 
absent. However, a uniform group of clini- 
cal signs occurred in each of our 14 cases, 
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which if absent in a given patient, should 
cast doubt upon PTA as the diagnosis. 
These signs were: (1) congestive heart fail- 
ure; (2) a loud systolic murmur at the 
lower left sternal border; (3) a loud systolic 
ejection click; and (4) a normal electro- 
cardiographic axis for age. Furthermore, 50 
per cent of our cases revealed an extracar- 
diac malformation. 

When the above findings occur in a pa- 
tient with the additional roentgen findings 
of (1) right aortic arch and (2) prominent 
vascularity of the “shunt” type, the diag- 
nosis of PTA can be made with consider- 
able confidence. This roentgen combina- 
tion is so suggestive of PTA, that it indi- 
cates this diagnosis even if the patient clin- 
ically mimics another more common condi- 
tion such as patent ductus arteriosus. 

In infants with a left aortic arch, the 
diagnosis is much more difficult. Among 
our cases, there was a distinct tendency for 
the left heart border to reveal a straighter 
contour than usually seen in other admix- 
ture lesions such as complete transposition. 

The best approach for catheterization is 
via the saphenous vein. Both right ventric- 
ulography and aortography can usually be 
performed when this route is used. Right 
ventriculography is a valuable procedure 
in that it shows absence of a right ventricu- 
lar infundibulum—an anatomic abnormal- 
ity characteristic of all forms of PTA. 


Larry P. Elliott, M.D. 
Department of Radiology 
University of Florida 
College of Medicine 
Sole, Florida 32601 
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FINDINGS IN AZYGOS CONTINUATION 


OF THE INFERIOR VENA CAVA* 


By WALTER E. BERDON, M.D., and DAVID H. BAKER, M.D. 


NEW YORK, NEW 


ZYGOS continuation of the inferior 
vena cava (also called congenital ab- 
sence of the inferior vena cava) Is a con- 
genital venous anomaly encountered with 


relative frequency in children with con- 
genital heart disease and anomalies of ab- 


dominal sits, 9. as 


A significant number of cases, however, 
have been encountered in patients with no 
known heart disease; in these the anomaly 
was detected as a “mediastinal mass." 
Failure to recognize the cause of the mass 
led to unnecessary thoracotomy.® 1014.15 

The azygos-caval anomaly can be sus- 
pected from plain film chest findings if 
overpenetrated roentgenograms are taken 
showing the “mass” to be continuous with 
a widened right paravertebral pleural re- 
flection. Two cases are reported in chil- 
dren where the diagnosis was suggested 
prior to contrast studies. 


REPORT OF CASES 


Case 1. Azygos continuation of the inferior 
vena cava associated with levocardia, abdominal 
situs inversus without obvious heart disease. 
D. M. (184 54 65), a 5 year old acyanotic, 
otherwise asymptomatic white female was seen 
in the emergency room because of an upper res- 
piratory tract infection. She weighed 4 pounds, 
13 ounces at birth. She had had a chest roent- 
genogram at age 3 months which showed a 
‘left-sided heart and backwards stomach." 
A transient heart murmur in infancy had dis 
appeared and her subsequent growth had been 
normal. Current evaluation showed a Grade 
1/6 apical systolic murmur and 2/6 left sternal 
border systolic murmur and a split second 
sound in the pulmonic area. The cardiac con- 
sultant thought that the child had either no 
heart disease or perhaps a minimal mitral 
regurgitation. 


Roentgen Findings. A plain frontal chest 


YORK 


roentgenogram (Fig. 1) showed a right-sided 
stomach bubble and a left-sided heart with nor- 
mal pulmonary vasculature. A right-sided 
mediastinal “mass” noted the 
right mainstem bronchus and the trachea. An 
overpenetrated Bucky roentgenogram (Fig. 2) 
showed that the mass was intimately associated 
with deviation of the right paravertebral pleura, 
the latter blending inferiorly with the medias- 
tinum. The diagnosis of azygos continuation 


was between 


of the inferior vena cava was suggested. On a 
subsequent out-patient visit, the child had a 
simultaneous injection of both ankle veins 
with 50 per cent sodium diatrizoate. A chest 
roentgenogram, obtained in the later part of 
the injection (14 cc. per leg), showed a large 
azygos and hemiazygos system leading to the 
arch (Fig. 3), the latter being the 
the initial 


aAZzygos 


“mass seen on chest roentgeno- 


gram. 


l'iG. 1. Case r. A $ year old acyanotic female with 
abdominal levocardia. Note 
"mass" in angle between the trachea and right 
mainstem bronchus. 


situs inversus and 


* From the Department of Radiology, Babies Hospital, Columbia-Presbyterian Medical Center, Columbia College of Physicians & 


Surgeons, New York, New York. 
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Comment. Since the patient 1s asymptom- 
atic and a cardiac consultant doubts that 
there is organic heart disease present, elec- 
tive cardiac catheterization has been con- 
sidered but deferred for the time being. 
The plan is to carry out gastrointestinal 
studies, including cholangiography, to 
clarify the abdominal situs. The liver posi- 
tion will be assessed by liver scanning. 
With prior knowledge of the caval anomaly, 
the cardiac catheterization can be done 
either from an arm vein (for ease of cath- 
eter placement) or from below (to docu- 
ment the anomaly). 


Case 11. Azygos continuation of the inferior 
vena cava associated with ventricular septal 
defect and normal abdominal and cardiac situs. 
C. K. (152 86 48), a 10 year old Negro male 
was referred to the cardiac clinic for evaluation 
of acyanotic congenital heart disease detected 
in the newborn period. À diagnosis had been 
made of ventricular septal defect at a prior 
cardiac catheterization and angiocardiography 
at age 4 years in another hospital. The right 
upper extremity was the route of catheter pas- 


a 


l1G. 2. Case 1. Bucky roentgenogram shows that 
the “mass” is associated with right paravertebral 
pleural displacement blending inferiorly with the 
mediastinum. 


Azvgos Continuation of Inferior Vena Cava 


Fic. 3. Case 1. Injection of sodium diatrizoate £o 
per cent (hypaque 50) into both ankle veins shows 
that the “mass” is the arch of the azygos filling 
from huge azygos and hemiazygos channels; the 
inferior vena cava as such is not seen. Note right 
sided stomach. 


sage. A prior Babies Hospital catheterization 
had been carried out at the age of 7 years, also 
from the right upper extremity. Moderate 
pulmonary hypertension and a ventricular 
septal defect had been detected. A Grade 3/6 
systolic murmur was heard along the left ster- 
nal border; electrocardiographic studies showed 
moderate right ventricular hvpertrophy. 
Roentgen Findings. A plain frontal chest 
roentgenogram (Fig. 4) showed a moderately 
large heart with a very prominent pulmonary 
artery, associated with normal cardiac and 
abdominal situs. A right paratracheal “‘mass”’ 
was noted, suggesting the possibility of asso- 
clated azygos continuation of the inferior vena 
cava. At the time of angiocardiography, the 
scout anteroposterior roentgenogram (Fig. :) 
showed the catheter course to outline the azv- 
gos anomaly. The catheter passed from the 





Walter E. Berdon and David H. Baker 


é 

l'1G. 4. Case 11. A ro year old acyanotic male with 
ventricular septal defect and pulmonary hyper- 
tension; levocardia with normal abdominal situs 
is present. Note "mass" between trachea and right 
mainstem bronchus and displacement of right 
paravertebral pleural line blending inferiorly with 
the mediastinum. 


l'1G. §. Case rr. Scout roentgenogram during biplane 
angiocardiography shows passage of venous 
catheter through the inferior vena cava to the 
azygos continuation, to the arch of azygos, and 
then down the superior Vena cava, through the 
right atrium and ventritle out into the dilated 
pulmonary artery. 
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femoral vein through the inferior vena cava to 
Its azygos continuation, forward through the 
arch of the azygos vein (the “mass” on plain 
roentgenograms), down through the superior 
vena cava, through the right atrium and ven- 
tricle and out the pulmonary artery. With the 
catheter pulled back to the subdiaphragmatic 
part of the venous passage, contrast studies 
(Fig. 6) confirmed the findings as well as show- 
ing the dilated pulmonary artery. 

Operative Findings. A 1.5 cm. high ventricular 
septal defect was repaired without complica- 
tions. The pulmonary artery was twice the 
normal size. The azygos vein was huge. The 
surgeon initially thought that he saw a normal 
inferior vena cava entering the right atrium. 
On closer inspection, however, this proved to 
be a confluent hepatic vein. Vhere was no inferior 
vena cava entering the right atrium. 


RE L3 

Fic. 6. Case u. With the catheter pulled down into 
the abdomen at the level of usual highest portion 
of the abdominal vena cava, a contrast medium 
injection of 75 per cent sodium and meglumine 
diatrizoate (hypaque 75m) shows that a huge 
azygos vein is the cause of pleural displacement 
seen in Figure 5. Dilated pulmonary artery is 
noted with elevated pulmonary artery and right 
ventricular pressures. 
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Comment. It is interesting that a patient 
could undergo fwo cardiac catheterizations 
and angiocardiographies without detec- 
tion of the azygos continuation of the infe- 
rior vena cava. This, of course, reflects the 
use of the right upper extremity on both 
occasions. It is also apparent that the 
surgeon initially thought that he saw a 
normal inferior vena cava; only because 
of the angiocardiographic studies did he 
pursue his exploration with the finding 
that the “inferior vena cava" was actually 
the hepatic vein. 

Liver scanning and cholangiography are 
planned to further study the abdominal 
anomalies which could be present in this 
patient. The heart disease was of the acy- 
anotic type. Since abdominal situs was 
normal, apparently only the plain chest 
film detection of the “mass” suggested the 
accompanying azygos-caval anomaly. 


DISCUSSION 


In azygos continuation of the inferior 
vena cava, there is no true “congenital 
absence of the inferior vena cava." 4^! 
Rather, there 1s a direct channel ascend- 
ing posteriorly through the retroperi- 
toneum linking the iliofemoral veins, the 
lower vena cava, and the renal veins 
with the dilated azygos channel. This 
channel, also receiving the hemiazygos 
flow, ascends through the right side of the 
posterior mediastinum (deviating the right 
paravertebral pleura) (Fig. 2; 4; and 5). 
As the azygos vein arches forward, it 
creates the “mass” seen between the right 
mainstem bronchus and the trachea (Fig. 
I; and 4). 

Thus the clue to the diagnosis (should 
the anomaly be seen in a patient without 
known heart disease) is to appreciate the 
pleural changes in a patient with an ap- 
parent right superior mediastinal mass. 
The overpenetrated Bucky frontal roent- 
genogram has been of the greatest value in 
this respect (Fig. 2; and 5). 

Since the usual azvgos flow 1s augmented 
by the added vena caval flow (except for 
the hepatic veins that drain normally into 
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the right atrium), the azygos vein and arch 
are unusually large. Even "normal" pa- 
tients (with normal cava and azygos anat- 
omy) may present with dilatation of the 
azygos vein and arch when there is portal 
hypertension with esophagovenous-azygos 
collateral shunting or when there is con- 
gestive heart failure." 

Helpful associated findings to suggest 
the diagnosis include the presence of errors 
in abdominal situs (Fig. 1; 2; and 3), as in 
Case r. About half of the reported cases of 
azygos-caval anomaly have such anoma- 
lies, 2! although not necessarily including 
congenital heart disease. 

The situs anomaly is usually bizarre 
(since there is no mirror image situation) 
including midgut and colon malrotation, 
and foregut malrotation (where the duo- 
denum is anterior to the gastric antrum) 
Full clarification requires upper gastro- 
intestinal series with colon follow-through 
roentgenograms. The liver may be "'trans- 
verse" and symmetric; liver scanning is 
useful in showing this. 

The caval-azygos anomaly is trouble- 
some to cardiologists attempting cardiac 
catheterization if a lower extremity vein 
is used. It is difficult to negotiate the curves 
(Fig. 5) to reach the right ventricle and 
pulmonary artery; in addition, since the 
patient 1s supine on the fluoroscopic table, 
the catheter passage is confusing because 
the azygos arch is not appreciated in this 
position. The ascending channel and arch 
in lateral view create a "candy stick" ap- 
pearance which has been emphasized in 
prior reports.” Since this discussion cen- 
ters about suspecting the anomaly on plain 
films and the arch cannot be seen in plain 
lateral films, this point has been omitted 
from our illustrations. 

Thus the cardiologist, ın a case with 
congenital heart disease, may, if fore- 
warned of the anomaly, deliberately use 
the upper extremity for catheterization. 
Conversely, he may use the lower extrem- 
ity to document the plain film roentgen 
findings (Fig. 5; and 6). 

As in Case r1, even at operation, the true 
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nature of the caval-azygos anomaly may 
be obscure. The confluent hepatic veins 
entering the right atrium resemble the 
normal vena cava. Prior reports of idio- 
pathic azygos phlebectasia,? where the 
thoracic surgeon saw a "normal inferior 
vena cava,’ may reflect this. This also 
emphasizes that a mass in the right supe- 
rior mediastinum must be studied by infe- 
rior, not superior vena cavography should 
this azygos continuation of the inferior 
vena cava be present. 

To opacify the inferior vena cava and 
azygos continuation, either leg veins or a 
femoral catheter route can be used. Our 
first case, examined as an out-patient, had 
both ankle veins injected. The second case 
was studied at the time of cardiac cath- 
eterization. 

Finally, the azygos-caval anomaly may 
be lethal if not suspected. In 1951, Efer 
et al.’ reported a case of an adult with a 
right-sided bronchogenic carcinoma where, 
in the course of attempted resection, the 
dilated azygos vein was ligated. Since 
virtually all of the venous return of the 
lower half of the body was interrupted, the 
patient developed venous hypertension 
which led to fatal intraspinal hemorrhage. 


ASSOCIATION WITH POLYSPLENIA 
AND ASPLENIA 


In 1955, Ivemark? reported a group of 
children with asplenia: absence of the 
spleen and complicated, usually cyanotic 
and lethal, cardiac malformations. A very 
high incidence of bizarre errors in abdom- 
inal situs was noted. The stomach was 
midline or right sided and the liver trans- 
verse. A frequent anomaly was azygos con- 
tinuation of the inferior vena cava.*^? 

More recently, Moller e& a/. found a 
second group of patients with multiple 
(not accessory) spleens (polysplenia) and 
less complicated usually acyanotic cardiac 
malformations. This group had an even 
higher incidence of azygos continuation of 
the inferior vena cava; they shared the 
errors in abdominal situs and transverse 
position of the liver. 
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Moller e£ 47.? noted that the polysplenia 
group frequently had absence of the gall- 
bladder (a normal right-sided structure) 
and had a bilobed right lung (resembling a 
left lung). Left superior vena cava was 
often present. Thus the normal “right- 
handedness" was lacking and they likened 
polvsplenia to bilateral lefthandedness. 
Conversely, the asplenia patients tended 
to have midline gallbladders, with a tri- 
lobed left lung (resembling a right lung). 
Therefore this seemed an example of bi- 
lateral “‘lefthandedness.”’ 

Absence of the gallbladder may be de- 
tected at autopsy in patients with azygos 
continuation of the inferior vena cava and 
moderate cardiac lesions (but with normal 
situs). Conversely, polvsplenia has been 
found as an isolated anomaly with a nor- 
mal vena cava. Moller and co-workers' 
concepts of relating these varied anomalies 
are interesting and will lead us to perform 
gallbladder studies in patients with azvgos 
continuation of the inferior vena cava “‘look- 
ing for" an absence of the gallbladder. 


DIFFERENTIAL DIAGNOSIS 


The usual problem of interpreting right 
mediastinal tumors (lymph nodes, bron- 
chogenic or duplication cvsts) does not 
arise when the overpenetrated roentgeno- 
gram reveals the pleural deviation showing 
that the “mass” is continuous with the 
posterior pleural deviation. The failure to 
see such an obvious “mass”? on lateral 
roentgenograms 1s also a clue to its repre- 
senting a tubular and not a cystic structure. 

The only pediatric roentgenologic entity 
resembling the mass and associated right 
mediastinal pleural deviation is a right 
aortic arch of the mirror branching type 
seen almost exclusively in either cyanotic 
conotruncal heart disease (tetralogy of 
Fallot, truncus arteriosus), or congenital 
isolated interruption or absence of the left 
pulmonary artery.’ Barium swallow in this 
type of right aortic arch, as in azygos con- 
tinuation of the inferior vena cava, fails 
to show any retroesophageal vessel (in dis- 
tinction to the second type of right aortic 
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arch noted as part of a vascular ring with a 
retroesophageal vascular indentation in 
the lateral projection).* 

Two points distinguish the azygos from 
the aortic anomaly. The first 1s age. Infants 
and young children with a right aortic arch 
show tracheal deviation and pleural devia- 
tion, whereas we have been unable to 
identify the azygos inferior vena cava 
anomaly in infants from plain films. The 
association with situs anomalies could be 
found in patients with a right aortic arch 
so this would not be too helpful. Secondly, 
fluoroscopy and plain films have allowed 
us to clearly see a left aortic arch in our pa- 
tients with azygos inferior vena cava anom- 
aly and the seeming problem does not 
reallv arise. 


SUMMARY 


Two cases are reported of the preangio- 
graphic plain film diagnosis of azygos con- 
tinuation of the inferior vena cava in chil- 
dren. The association of a right mediastinal 
mass (between the trachea and right main- 
stem bronchus) and of right paravertebral 
pleural deviation in a patient with a nor- 
mal left aortic arch strongly suggests this 
venous anomaly. 

There is a high incidence of errors in 
abdominal situs. The relationship to 
asplenia and polysplenia is discussed. Since 
the anomaly may be isolated and be mis- 
taken for a tumor mass, thoracotomy can 
be avoided if the diagnosis is suspected and 
inferior vena cavography performed. 


Walter E. Berdon, M.D. 
Department of Radiology 
Babies Hospital 

Broadway and 167th Street 
New York, New York 10032 
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ALTERATION OF COAGULATION MECHANISM OF 
BLOOD BY CONTRAST MEDIA* 


By HARRY L. 


HE medical literature contains numer- 
ous reports dealing with clinical and 
experimental observations on contrast me- 
dia toxicity. To date, these have dealt with 
"anaphylactoid" reactions, myocardial and 
cerebral toxicity, hypertonicity, sludging 
and aggregation of red blood cells, and pro- 
tein binding.!:4+5-6,7,10,11,13,15,18 To our knowl- 
edge, the effect of radiopaque contrast me- 
dia on the coagulation mechanism of man 
in vivo has not been previously evaluated.” 
Because of the increase in contrast radio- 
graphic vascular procedures in the last 
decade, a thorough understanding of the 
deleterious effects of intravascular injec- 
tion of contrast media is imperative. 
Our interest in this phenomenon began 
after an aortography was performed via 
right femoral arteriotomy on a 2 year old, 


14 kg. male with classical hemophilia. The 


history and physical examination were 
compatible with a patent ductus arteriosus, 
but because of the blood dyscrasia, a defin- 
itive diagnosis was necessary prior to sur- 
gery. The patient was transfused with 
antihemophilic globulin (AHG) concen- 
trate, which elevated the plasma assay 
from o per cent to a 30 per cent level, suff- 
cient to prevent bleeding. Such a state is 
acceptable for surgical procedures. The 
procedure lasted 13 hours and 70 ml. of 
hypaque M-75 per cent was injected intra- 
arterially (approximately 5 ml. of contrast 
medium/kg. of body weight). One half- 
hour following the procedure, the AHG 
assay was o per cent. The patient was im- 


* Since this paper was presented, a paper by Lars Bjórk has ap- 
peared in this JOURNAL, 1968, 702, 441—445, which is in agreement 
with our findings of decreased blood coagulability following 
angiography. 


* p 
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mediately retransfused with AHG concen- 
trate; fortunately no bleeding occurred as 
a result of the examination. Subsequently 
the patient underwent surgery for ligation 
of the patent ductus arteriosus. This inci- 
dent initiated the present study dealing 
with the effects of radiopaque contrast me- 
dia on the coagulation mechanism. 


IN VIVO STUDY 


A pilot study, herein reported, was be- 
gun. Thirty ee patients were studied for 
changes in blood coagulation. The diag- 
noses ranged from congenital cyanotic and 
acyanotic heart disease, to acquired heart 
disease, peripheral, and renal artery dis- 
ease (Table 1). There were 16 children and 
1g adults in the series. The coagulation 
mechanism was evaluated by means of the 
prothrombin and partial thromboplastin 
times. The prothrombin time was carried 
out as described by Quick," and is a good 
screening test for coagulation Factors I], 
V, IX, and X. The partial thromboplastin 
time was performed using the technique of 
Proctor and Rapaport,^ which effectively 
screens all of the intravascular clotting 
factors except Factor VII. Hence, these 
techniques are good methods for screening 
deficiencies of any of the clotting factors, 
regardless of the cause. 

Specific assavs for coagulation Factors 
I, II, V, VII, VIII, X and XI were also 
made. Assays for these factors were per- 
formed as previously described.? In some 
instances, specifically in small children, an 
insufficient amount of blood made it im- 
possible to determine assays of all these 
factors. Blood samples were also examined 
for the presence of fibrinolysins, using the 
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TABLE I 


DIAGNOSES FOR CHANGES IN BLOOD 
COAGULATION IN 535 PATIENTS 











Diagnosis 





Children 

Ostium primum defect 

Tetralogy of Fallot 

Anomalous left coronary artery 

Ventricular septal defect 

Left ventricular—right atrial shunt 

Patent ductus arteriosus 

Corrected transposition, patent 
ductus arteriosus, pulmonary 
stenosis 

Normal 

Aortic insufficiency, bicuspid aortic 
valve 


Adults 
Coronary arteriovenous fistula 
Rheumatic heart disease 
(mitral/aortic valve lesions) 
Arteriosclerotic peripheral vascular 
disease 
Benign renal cyst 
Renal artery stenosis 
Cirrhosis and esophageal varices 


Total Ig 








method of lysis of euglobulins as described 
by Buckell.* 

All patients had blood samples drawn 
immediately before injection of the con- 
trast medium, immediately after the pro- 
cedure, and 1, 2 and, occasionally, 3 hours 
after the termination of the procedure. 
Where general anesthesia was used for the 
angiographic examination, the control 
blood samples were drawn after the pa- 
tient was fully anesthetized. The patients 
received injections of contrast media which 
ranged in total dose from 1.0 ml. to 10.0 
ml./kg. in 1 patient, with a mean of 2.6 
ml./kg. for all patients. The contrast me- 
dia that were used varied, and consisted of 
angio-conray (14 patients); hypaque M-75 
per cent (17 patients); isopaque-440 (I pa- 
tient); and renografin 76 per cent (3 pa- 
tients). 
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RESULTS 


Abnormalities in the partial thrombo- 
plastin time occurred in 17 of 35 patients, 
and in the prothrombin time in g of 35 pa- 
tients. A decrease in assays of Factors V 
and VII occurred in 18 of 28, and in 6 of 
30 patients, respectively. A significant de- 
crease in Factor VIII was present in g of 
28 patients. Changes also occurred 1n Fac- 
tors I, II, and XI in a few patients. Fibri- 
nolvsins were present in 1 child and 1 adult 
(Fig. 1). 

Oozing at the site of arterial puncture 
occurred in 2 children and 2 adults within 
6 hours after termination of the procedure, 
and was controlled with pressure. Three of 
these 4 patients had significant abnormal- 
ities in Factors V and VIIT. All abnormal- 
ities were transient, and returned to normal 
within 2 to 3 hours following the comple- 
tion of the procedures. 


IN VITRO STUDIES 


The zz vitro studies were planned to re- 
produce the results found 77 vivo, to show 
that the effects were not artificial, and to 
provide a working model that could be used 
to further investigate these phenomena. 

Contrast media (angio-conray and hy- 
paque M-75 per cent) were mixed with 
normal pooled human plasma in propor- 
tions similar to and exceeding those used 
in vivo. Amounts of contrast material 
equivalent to ml./kg. of body weight were 
derived on the assumption that there are 
42 ml. of plasma/kg. of body weight. The 
partial thromboplastin and prothrombin 
times, as well as assays for Factors V and 
VIII were obtained. These revealed 
changes similar to those observed 17 vitro 
(Fig. 2 and 3). Prolongation of the pro- 
thrombin and partial thromboplastin times 
occurred, as well as decreases in the factors 
assayed. The deficiencies were apparently 
dose related, and appeared to be somewhat 
more severe with angio-conray than with 
hypaque M-75 per cent in equivalent doses. 

Studies were carried out substituting in- 
organic iodide with normal pooled plasma 
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C Total patients 
Total children 
Bl Abnormal children 
Abnormal adults 


— N N Ol 
on Oo Oo O 


Number of patients 


O 


FIT 


PT VII 


VIT X Factor Fibrinoly- 


I sins 


liG. 1. Results of clinical study: Abnormalities in the partial thromboplastin time (PTT) and prothrombin 
time (PT) occurred most often in children. Specific coagulation factor abnormalities are also noted. 


in dilutions similar to those used in the 
contrast media because it was postulated 
that the observed effects of the contrast 
media may have been due to the iodide ion. 
Potassium iodide and sodium iodide were 
used in a concentration giving an equal 
amount of iodine to that found in hypaque 
M-75 per cent. At all salt concentrations 
there was virtual absence of all of the clot- 
ting factors and an infinite prolongation of 
the prothrombin and partial thromboplas- 
tin times. It was, therefore, assumed that 
at these concentrations, an inorganic salt- 
ing out of the clottable protein occurred. 
However, an analogous situation had not 
been created, since the inorganic iodide 
solutions ionize unlike the contrast media 
organic iodides. 

Lastly, studies were carried out diluting 
normal pooled plasma with normal saline 
in amounts comparable to the volume 


changes which occur i” vivo in order to in- 
vestigate the dilution effect on the total 
clotting mechanism. No change was noted 
at 1§ ml./kg. of body weight. This sug- 
gested that the initial volume of the me- 
dium used and the change in blood volume 
which follows the injection of a hypertonic 
viscous material, known to increase the 
osmolarity of the plasma and cause hemo- 
dilution, could not account for the changes 
found in the clotting mechanism. Similarly, 
equivalent pH changes did not appear to 
influence the assay for coagulation factors. 


DISCUSSION 


The coagulation mechanism is now 
thought to be an enzymatic reaction ini- 
tiated by the glass activating factor or 
Hageman factor (Factor XII). A schematic 
representation depicting the steps in co- 
agulation and the various factors involved 
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Per cent 
60 


cc of angioconray/Kg 


PTT- sec 


PT- sec 10 


lic. 2. In vitro study with angio-conray equivalent 
doses showing dose related abnormalities in the 
partial thromboplastin time (normal = 42-83 sec.), 
prothrombin time (normal=12 sec.), and assays 
of Factor VIII (normal=6o-120 per cent) 
and Factor V (normal 260-120 per cent). 


Per cent 
100 80 60 40 20 


cc of hypaque = 75%/Kg 


PTT-sec 70 100 150 250 
pu— — —!ÀÓ—— —— —————— 
PT - sec 10 20 40 80 


Fic. 3. In vitro study with hypaque M-75 per cent 
equivalent doses showing dose related abnormali- 
ties in the partial thromboplastin time (normal 
—42-83 sec.), prothrombin time (normal- 12 
sec.), and assays of Factor V (normal — 60-120 
per cent) and Factor VIII (normal —60-120 per 
cent). These changes appear to be less severe than 
those encountered with zz vitro study using angio- 
conray. 


Intrinsic System 
Surface contact 
XI Xlla 
X — —Xla 
IX IXa Tissue System 
vwii—L— vira vil 


Extrinsic System 


Reactions Involved in Blood Coagulation 
(Adapted from MacFarlane) 


Fic. 4. Schematic flow chart shows present concept 
of coagulation. The intrinsic system refers to 
intravascular clotting. 


is presented in Figure 4. The coagulation 
factors are proteins, which are located in 
the alpha and beta globulin fractions of the 
plasma. Lasser ef al.!3 have shown that con- 
trast medium binding with serum proteins 
occurs almost entirely in the albumin frac- 
tion, but not to a significant degree to al- 
pha, beta or gamma globulin. Rosenbaum 
and Reich!? confirmed these findings using 
the techniques of immune-electrophoresis 
and radioautography. In vitro and in vivo 
studies performed by Bernstein and Gans’ 
revealed that a mixture of diatrizoate with 
normal dog blood resulted in relative 1n- 
coagulability. A significant decrease in 
fibrinogen yield of dog plasma was noted to 
occur 77 vitro, and could be inhibited by 
large amounts of thrombin and by low and 
high molecular weight dextran. Hemor- 
rhage has been described as a complication 
of arteriography in reviews by McAfee," 
Lang? and Halpern.’ No information con- 
cerning the clotting mechanism was pre- 
sented in these discussions, however. Some 
of these hemorrhagic sequelae may have 
been a consequence of decreased blood 
coagulability.* 

The method by which contrast materials 
caused depression in plasma clotting fac- 
tors is unknown; changes in assay levels of 


* See reference cited in footnote, p. 45%. 
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these proteins did occur however, and are 
presumed to account for anticoagulant ef- 
fects noted in this study. We do not know 
how these coagulation factors were de- 
pressed, but we hypothesize that contrast 
material binding with proteins in the glob- 
ulin fraction occurs as it does in the al- 
bumin fraction. One possibility is that 
there is formation of a loose bond between 
contrast material and globulin, resulting 
in a transient inactivation of the coagula- 
tion factors. As the contrast material is ex- 
creted, the globulin assays return to normal 
levels. Another possibility is the formation 
of a permanent bond between the contrast 
material and globulin. The coagulation 
factors, thus bound, would be excreted 
with the contrast medium. Presuming that 
this were the case, the depression of coagu- 
lation factors would still be transient, since 
normally there is rapid production and re- 
placement of these globulins. Indeed, our 
studies show a return to normal levels 
within 2 or 3 hours after angiography. All 
of these factors except AHG (Factor VIII) 
are produced in the liver. Since changes in 
Factor VIII also occurred, both ¿n vivo as 
well as 77 vitro, it is therefore unlikely that 
a direct toxic effect on the liver accounts 
for our findings. It is the clinical impression 
of one of the authors (HLS) that hemor- 
rhagic complications at the arterial punc- 
ture site occur more often in cirrhotic than 
other patients. If correct, this may be the 
result of impaired production of coagula- 
tion factors, further complicated by con- 
trast medium depression of the already de- 
creased amounts of these factors. Further 
studies to elucidate the findings presented 
in this report are necessary. 


CONCLUSIONS 


Blood coagulation factors were studied 
in a series of 35 patients following angio- 
graphic procedures. Transient depression 
of assay levels of various blood coagulation 
factors occurred in more than half the pa- 
tients examined. 

In vitro experiments were performed 
with plasma and revealed similar depres- 
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sions of blood coagulation factors. These 
abnormalities appeared to be dose related, 
and were not reproduced by hemodilution 
or pH changes equivalent to those which 
would be encountered zz vivo. 

It is conceivable that binding or inac- 
tivation of the coagulation factors, alpha 
and beta globulins, 1s the cause of the de- 
pressed assays found iz vivo and in vitro in 
this study. 


Harry L. Stein, M.D. 
Department of Radiology 
Nassau Hospital 

Mineola, New York 11401 
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IHE INTERMITTENT PHASED INJECTION OF 
CONTRAST MATERIAL INTO THE HEART* 
By NIKOLAUS SCHAD, M.D.,t JEAN-PAUL STUCKY, M.D., HEINRICH BRUNNER, M.D., 
HILDEGARD SCHAD, M.D., and JOSEPH WELLAUER, M.D. 


ZÜRICH, SWITZERLAND AND ST, LOUIS, MISSOURI 


HE usual method of angiocardiogra- 

phy, z.e., the continuous injection of 
contrast material into the heart, has sev- 
eral disadvantages: 

1. A large quantity of contrast material 
is needed and, therefore, the patient 
experiences the known side effects. 
Using large amounts of contrast ma- 
terial, it is not possible to make sev- 
eral injections into different parts of 
the heart. 

. The hemodynamic conditions will be 
more altered if the injection is made 
not only during the filling phase but 
also during the ejection phase of the 
heart chambers. 

An injection during ventricular con- 
traction increases the hazard of intra- 
mural injection. 

These disadvantages can be avoided or 
reduced by an intermittent phased injec- 
tion technique.?-!! 5 The contrast medium 
is injected only during a preselected phase 
of the cardiac cycle. The injection is trig- 
gered by the R-wave of the electrocardio- 
gram (Fig. 1). By delaying the injection 
impulse and adjusting its duration it is 
possible to inject in any phase of the car- 
diac cycle. The injection can be repeated 
during several consecutive heart periods. 
The authors used diastolic injections for the 
ventricles and the great vessels, and sys- 
tolic injections for the atria. Systolodia- 
stolic injections, starting at the beginning 
of the T-wave, are useful for demonstrating 
coronary arteries. For the purpose of clar- 
ity we will use the term “shot” for such 
single injections during a preselected car- 
diac phase. The term “‘injection”’ refers to 
a serles of shots injected during consecu- 
tive cardiac cycles. 


Fic. r. R-triggered phased contrast medium injec- 
tion. By shortening or lengthening the delay 
and the duration of the injection impulse the in- 
jection "shot" may be diastolic, systolic or at any 
chosen moment of the heart period. 


MATERIAL AND METHODS 
A. TECHNICAL REQUIREMENTS 

For the performance of intermittent 
phased injections of contrast medium, two 
main problems had to be solved: how to ob- 
tain adequate injections of very short dura- 
tion and how to phase-control the injec- 
tions. 

Duration of the injections. The time avail- 
able for each “shot” is very short and de- 
pends on the heart rate and on the pre- 
selected injection phase (100 to 500 milli- 
seconds [ms]). The amount of contrast me- 
dium injected during a single "shot" de- 
pends on this time and on the pressure-rise 
time of the injector. Our preliminary ex- 
periments showed that with normal pres- 
sure injectors it is impossible to inject dur- 
ing a short heart phase an amount of con- 
trast medium sufficient for good opacifica- 
tion of the heart chambers. The reason for 
this 1s the rather slow pressure rise that can 
be obtained with the injection equipment 


* From the Róntgendiagnostishes Zentralinstitut, Universitat Zürich, Switzerland. 
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i500 ms 


Injection of Contrast Material into the Heart 


500ms 


T 95% 


Fic. 2. Relation between pressure-rise time of injection equipment and flow rate of contrast medium in inter- 
mittent injection. Left curve: Pneumatic injector. Middle curve: Conventional electromotor injector. 
Right curve: Flow rate and pressure rise of the new Contrac High Speed Injector. Only with a short pres- 
sure rise time can an adequate amount of contrast medium be injected in a short heart phase. ms= milli- 


second. 


avallable at present (400 to 1,000 ms are 
needed to build up to go per cent of pre- 
selected pressure, Fig. 2). The shorter the 
injection time, the more important becomes 
the pressure-rise time. Therefore, an inter- 
mittent phased injection technique is pos- 
sible only with injection equipment having 
a pressure-rise time of 5o milliseconds or 
less. 

During the past 4 years different “high 
speed injectors” with hydraulic, hydro- 
pneumatic and electromechanic propulsion 
systems were constructed by Stucky e a/.," 
partly in cooperation with the Contraves 
Company, Zurich. All our prototypes and 
also the Contrac high speed injector, now 
in series production (Fig. 3), take only 20 
to 30 milliseconds to build up to more than 
95 per cent of the present pressure. In this 
way, optimal contrast is guaranteed for 
heart rates up to 300 per minute, e.g., 1n 
rabbits.? 

Phase control of the injections. For inter- 
mittent phased injections, an R-wave trig- 
gered cardiac programmer is necessary. 
This programmer should be easy to operate 
and small enough to be incorporated in the 
injector itself or in the electrocardiographic 


recorder rack. Once adjusted, it should 
work automatically. In heart diseases, 
auricular or ventricular arrhythmias are 
frequent, especially during cardiac cathe- 
terization. In such cases the length of the 
preselected injection phases of the heart 
petiod varies. As these variations are not 


FiG.5 . The Contrac High Speed Injector.* On top, 
the digital cardiac programmer, the buttons for 
volumetric flow rate control, total injection vol- 
ume, pulse volume and roentgenographic trigger- 
ing and the switches for power, overload, filling 
and emptying are visible. 

* Developed in the Central Radiodiagnostic Department of the 


University of Zürich in cooperation with the Contraves Company, 
Zürich. Distribution: Siemens Medical Inc. 
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ic. 4. Example of injection control in arrhythmia. Three diastolic injection "shots." During the first "shot" 
premature ventricular contraction overcomes and injection stops immediately. The next injection "shot" 
lasts as long as the compensatory pause and compensates the small first "shot." 
8 1 


predictable, premature ventricular con- 
tractions and other arrhythmias were pre- 
viously considered to be major obstacles to 
the application of the intermittent phased 
injection. technique. The use of special 
electronic design and digital integrated cir- 
cuits enabled these problems to be solved 
(Fig. 4). The cardiac programmer is now in 
series production (Fig. 5). 

The injection program is adjusted at the 


NUMBER OF INJECTIONS 


min. max ^ 
SHORT ERI LONG = R-CONTR 


beginning of each examination. It then 
automatically and continuously integrates 
the physiologic data derived from the elec- 
trocardiographic amplifier to which the 
programmer is connected. The programmer 
is no larger than an ordinary transistor 
radio and 1s as easy to operate. 

Thyristor control of flow rate combined 
with injections of short duration allows 
two modes of operation: 


—— 


TIME DELAY SWITCH OPERATING MODE 


VOLUME TIME — 
CONTR CONTR 


Fic. $. Front view of the digital cardiac programmer. Size: 225X« 22X 7 cm., weight: 1,900 grams. The time- 
delay switch serves for time-controlled triggering of roentgenographic equipment or cinecamera. 
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1. Time-controlled injection: intermit- 
tent injection with the duration of 
each single “shot” determined by the 
variable length of the corresponding 
heart phases. 
Volume-controlled injection: definite 
amounts of contrast medium are 1n- 
jected at a time determined by the 
duration of the heart phases. The 
latter procedure is selected in angiog- 
raphy of the larger vessels and in 
cine- or videodensitometry.* The in- 
jector is, of course, also suitable for 
other angiographic techniques. 


B. ROENTGENOGRAPHIC EQUIPMENT AND CONTRAST 
MATERIAL 

An example of three diastolic injection 
"shots" (Fig. 6) shows the logic of R-wave 
triggered injection and other connected 
programs. In nearly all patients we carried 
out cineangiocardiographies (Philips image 
amplifier, Cinelix, Arriflex-camera 35 mm., 
co to 80 frames). The film was a Kodak 
Plus-X. At first, sodium and methylglu- 
camine diatrizoate 76 per cent was used as 


| 


ri 
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Fic. 6. Logic of the intermittent contrast medium 
injection. In this schedule three diastolic injection 
"shots" (double height of signal) are preselected. 
The release button starts the injector and cardiac 
programmer. There is automatic limitation of in- 
jection volume, regulation of the injection impulse 
in arrhythmia, and phased triggering of other 
apparatus such as seriograph or rotation pro- 
grammer. 
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Fis. 7. Multiplane cineangiocardiography. The pa- 
tient is rotated in a cradle during injection and 
exposure. The necessary time for a slow rotational 
movement is gained by an adequate number of 
ae » - a p 

shots” and pauses. Direction, velocity and angles 
of rotation are preselectable on the rotation pro- 
grammer. 


contrast medium (71 injections), then we 
used a contrast medium of lower viscosity 
which provided rapid diffusion in cardiac 
cavities during the short diastolic or sys- 
tolic injection "shots": sodium, magnesium 
and calcium methylglucamine metrizoate 
75 per cent (1,896 injections) and sodium 
and methylglucamine iothalamate 70 per 
cent (261 injections). In infants, sodium 
and methylglucamine diatrizoate or so- 
dium, magnesium, calcium and methyl- 
glucamine metrizoate 60 per cent were used. 

Rotation of the patient in a cradle during 
injection and exposure is called multiplane 
or rotational cineangiocardiography! "7 


(Fig. 7). In order to obtain as many pic- 
tures as possible in each projection, a slow 
rotational movement is required. An ade- 
quate number of "shots" and pauses gives 
the necessary time for this purpose. The 
rotation is triggered by the same R-wave 
as the intermittent injection. A special pro- 
grammer allows rotation with different 
velocities in both directions and between 


preselected angles." 


C. CLINICAL MATERIAL 


A total number of 726 patients was ex- 
amined. The diagnosis included congenital 
and acquired heart diseases. The ages 
ranged from newborn to 64 years (Table 1). 
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TABLE l 


AGE DISTRIBUTION OF 720 PATIENTS EXAMINED 




















TABLE II 


NUMBER OF INTERMITTENT PHASED INJECTIONS 
IN CHILDREN AND ADULTS 











Children Adults 





ATS 


835 


Total number of patients 

Total number of injections 

Average number of injections 
per examination 


409 
1,393 


TABLE III 


VOLUMES OF CONTRAST MEDIUM USED IN THE 
835 INJECTIONS IN CHILDREN 








Per Cent of 
Injections 


Amount 
(cc.) 





Up to ro 44. 
Up to 20 79 , 
Up to 3 9. 








The smallest patient weighed 2,470 gm., 
the heaviest 86 kg. 


RESULTS 


We performed 2,228 intermittent phased 
injections on 726 patients: 835 Injections 
were carried out in 317 children, z.e., an 
average of 2.6 injections per examination; 

1,393 injections were given to 409 adults 
with an average of 3.4 per examination 
(Table 11). 

The volume of contrast medium used for 

the injections is seen in Tables mı and rv. 
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For satisfactory visualization the volume 
of contrast medium needed in children did 
not exceed 20 ml. in 78 per cent of the in- 
jections, and 30 ml. in 93.6 per cent. In 
adults the injected volume did not exceed 
25 ml. in 74 per cent and 35 ml. in 92.2 per 
cent of the injections. 

These relatively small amounts of con- 
trast material allowed several consecutive 
injections to be made at different sites or in 
different projections in each patient. 

Injections were made into all four cham- 
bers of the heart and into all the great ves- 
sels. On the lett side we pertormed 1,466 
Injections (66.2 per cent) and on the right 
side 762 (34.8 per cent). In children, ap- 
proximately one-half of the injections were 
made into the left heart and aorta, whereas 
in adults, about three-fourths were in- 
jected on the left (Table v). The total 
number of injections into the left ventricle 

was 639 (28.6 per cent); into the ascending 
aorta 633 (28.4 per cent). 

Two hundred and sixty-three multiplane 
cineangiocardiographies were performed on 
children with congenital heart diseases. The 


TABLE IV 


VOLUMES OF CONTRAST MEDIUM USED IN 
1,393 INJECTIONS IN ADULTS 








Per Cent of 
Injections 


Amount 
(cc.) 








Up to 15 
Up to 25 
Up to 35 


TABLE V 


FREQUENCY OF INJECTIONS AT DIFFERENT SITES 


Left Heart and | Right Heart bed 


Aorta | Pulmonary Artery 
Per Cent of Per Cent of 
Injections Injections 








Children 








Adults 








Total 
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direction, velocity, and angles of the rota- 
tion depended on the point of injection and 
the suspected cardiac anomaly (Table v1). 
Generally, we rotated the patients from one 
oblique view into the other oblique view 
through the dorsoventral projection, these 
being the most valuable projections in angi- 
ocardiograph y." 

In two adults we observed ventricular 
fibrillation after the injection. In both 
cases, it was reversible. One patient had a 
very large left ventricle and after the injec- 
tion of 35 cc. of contrast material into the 
left ventricle, fibrillation occurred. In this 
case the onset of fibrillation could be related 
to the injection. The other patient was 
cyanotic and had fibrillation already on the 
morning before catheterization. He began 
to fibrillate about 8 to 10 minutes after the 
injection. In this case there was no proof 
that the fibrillation was related to the in- 
jection alone. It was our impression that 
the side effects of the injection of contrast 
material appeared less often, were less se- 
vere and also disppeared more rapidly than 
those encountered with the continuous 1n- 
jection technique. 

General anesthesia was required exclu- 
sively for anxious children. 

The contrast obtained in the heart and 
the roentgenographic information per- 
mitted a high degree of accuracy in the 


TABLE VI 


MULTIPLANE CINEANGIOCARDIOGRAPHY: POINT OF 
INJECTION, ROTATIONAL DIRECTION AND RESULTS 











Result 


Point of Injection Rotation of Patient 





Right atrium 
Right ventricle 
Pulmonary artery 


Right oblique 
—left oblique 


Dextrogram 
Levogram 


Left atrium Left oblique Levogram 
—right oblique 
Left oblique 


—right oblique 


Left ventricle Levogram 


Aortic arch 
Right oblique — Levogram 
—left oblique 


Suspicion of mitral 
insufficiency or 
subaortic stenosis 
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Fic. 8. Aortic stenosis in a patient 36 vears of age 
and weighing 44 kg. Diastolic injection into the 
left ventricle through transseptal catheter. Cine- 
angiocardiography in the left anterior oblique 
view. End of the systole after the first diastolic in- 
jection "shot" (0.5 sec., with 12 ml. contrast 
medium). The hypertrophic left ventricle is com- 
pletely filled. Eccentric jet through the thickened 
and calcified aortic valves directed to the ventral 
wall of the poststenotic dilated ascending aorta. 
There is repeated visualization of phenomena dur- 
ing the consecutive injection "shots." A second in- 
jection into the aorta showed a slight combined 
aortic insufficiency. 


formulation of the diagnosis in all cases. In 
a large number of patients, the diagnosis 
was confirmed by operation (Prof. Senning, 
Zenker, Linder, Klinner). 

Figures 8 to 13 show examples of inter- 
mittent phased injection of contrast me- 
dium into the heart in patients with con- 
genital or acquired heart diseases. 


DISCUSSION 


The phased injection of contrast medium 
into the heart has been used in angiocardi- 
ography,** but the injection was triggered 
only at the onset and then proceeded con- 
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l'1G. 9. Aortic insufficiency in a patient 29 years ot 
age and weighing 60.3 kg. Diastolic injections into 
the dilated ascending aorta. Cineangiocardiog- 
raphy in the left anterior oblique view. Second 
diastolic injection, lasting 0.31 sec., with I3 ml. 
contrast medium. Reflux of contrast medium 
through the center of the valve and filling of the 
left ventricle down to the apex. Plastic plate for 
sampling and scales for cinedensitometric studies. 
Milling of the right and left coronary arteries. 
‘lows and wash out phenomena can be studied. 
Total amount of contrast medium in three diastolic 
injections: 40 ml; total injection time: 0.93 sec. 


y. There are few reports in the 
literature of trials with an intermittent 
phased injection in coronary arteriogra- 
phy.?^* Intermittent phased injection into 
the heart has not hitherto been developed 
for routine angiocardiography in congen- 
ital or acquired heart diseases. 

lhe authors used the intermittent 
phased injection technique for patients of 
all ages and in all clinical conditions requir- 


tinuously. 


ing angiocardiography. Consequently, in- 
jections were made into all the chambers 
and great vessels. Congenital heart diseases 


predominated in children and acquired 
heart diseases in adults. Approximately 
one-third of all patients, mostly with con- 
genital heart disease, received injections 


o 
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into the right heart or the pulmonary ar- 
tery. About half the injections given to 
children were made into the left heart; in 
adults injections into the left heart pre- 
dominated. 

The large volumes of contrast medium 
needed in the continuous injection tech- 
nique allow only one or two injections dur- 
ing a single examination. With the inter- 
mittent injection technique, on the other 
hand, we performed an average of 3.4 in- 


Jections in adults. This was possible be- 


cause in 74 per cent of all injections, the 
amount of contrast medium did not exceed 
25 ml. and in 92 per cent was not more 
than 35 ml. In children, also, smaller 
amounts were needed than the usual 1.¢ 


ml. per kg. body weight. The average num- 
ber of injections in children was lower than 


FIG. IO. Aortic stenosis in a patient 27 years of age 
and weighing 76.6 kg. Systolodiastolic injections 
into the ascending aorta, lasting from the begin- 
ning of the T-wave to the end of the diastole, 
through a special-curved catheter. The valve and 
left coronary artery are well demonstrated by the 
same injection. Cineangiocardiography in the left 
anterior oblique view. Plastic plate and scales are 
placed over the heart for densitometric studies. 
Systole after the first injection of 0.69 sec. duration 
and 17 ml. contrast medium. The “dome” and the 
negative Jet of aortic stenosis, the left coronary 
artery and their branches are well demonstrated. 
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in adults because in many children multi- 
plane cineangiocardiography was per- 
formed. In these cases, somewhat larger 
amounts of contrast medium are required 
since, depending on the heart rate, usually 
3 to 5 injection "shots" are made. 

Given a specific hemodynamic situation 
and size of the heart, the amount of con- 
trast medium needed for reliable informa- 
tion depends on the number and the dura- 
tion of the injection "shots."? In most 
cases, we made injections during 2 or 3 
consecutive diastolic or systolic phases, al- 
though sufficient information may be ob- 
tained with one single phased “shot” (Fig. 
12, Á and B; and 13, 4, B and C). How- 
ever, the repeated visualization of phenom- 
ena by means of several consecutive in- 
jection “shots” confirms the diagnosis and 
is of great value in arrhythmias. 

The duration of one phased injection 
“shot” depends on the heart rate. In a 
heart frequency of 100/min., the heart 
period lasts 0.6 sec., and the systole and 
diastole are about of the same length, cz. 
0.3 sec. The observation time is, therefore, 
twice the effective injection time. 

In heart rates over 100/min. the diastolic 
phase is shorter than the systolic, resulting 
in a considerable gain in observation time 
in diastolic injections. This is particularly 
advantageous in ventricular injections in 
infants and small children having a high 
heart rate. 

In heart rates of less than 100/min., the 
diastolic phase is longer than the systolic, 
and in svstolic injections the gain in ob- 
servation time is more considerable. This 
is advantageous in atrial injections, 7.e., in 
adults with mitral valve defects. The short- 
est, most precise diastolic injection we 
made was in a rabbit with a heart rate 
of 300/min. and lasted only 60 millisec- 
onds.? 

To inject amounts of contrast medium 
in such short times and yet obtain useful 
information requires special equipment: 
electrocardiographic-triggered high-speed 
injectors with a pressure-rise time of at 
least zo milliseconds, flow rate control, 
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Fic. 11. Marfan's syndrome in a patient 21 years of 
age and weighing 65 kg. Diastolic injection into the 
aorta. Cineangiocardiography in the right anterior 
oblique view. End of the second diastolic injection 
“shot,” lasting 0.44 sec., with 18 ml. contrast 
medium. There is an extremely dilated ascending 
aorta, including the sinuses of Valsalva, and a rel- 
atively slight aortic insufficiency. By means of 
high speed injectors a good contrast can be reached 
also in very large cavities. 


automatic control of injection in arrhyth- 
mia and preselection of injection "shot" 
number have been constructed by Stucky 
and co-workers.!? 

Our experience covers more than 2,000 
intermittent phased injections and demon- 
strates that this technique has the follow- 
ing advantages: 

(1) Less contrast material is required if 
the injections into a heart chamber last 
only as long as the distal valve is closed, 
i.e., in the ventricles during diastole, in the 
atria during svstole. Under these circum- 
stances no contrast medium leaves the 
heart chamber but 1s accumulated there. 
The saved contrast medium may be in- 
jected at other sites in the heart to provide 
further information. This is especially ad- 
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Mitral stenosis in a patient . 38 years of age and weighing 64 kg. 
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Sy stolic injections into the left 


atrium. Cineangiocardiography in the right anterior oblique view. (4) First diastolic after the first systolic 
injection, lasting o. 44 SEC., with 11 ml. of contrast medium. The ballooning mitral valve and the small jet 
are well delineated since the left ventricle is not yet filled. In the next diastole (B) after the second systolic 
injection of the same duration and volume, the valve and the jet are also well delineated since the concen- 
tration of contrast medium in the left ventricle is not yet high. 


vantageous in combined acquired and in 
complex congenital heart diseases. 

(2) The observation time is lengthened 
if a definite amount of contrast medium is 
injected intermittently. The injection ex- 
tends over several heart periods and the 
pathologic phenomena are thus seen re- 
peatedlv. This is of great value in infants 
and small children with high heart rates. 


The gain in time is of great importance if 


the patient is rotated during injection and 
exposure, 

(3) Since during the injection there is no 
escape of contrast medium, a strong con- 
trast gradient builds up at the distal valve. 
The opening of the valve and the jet 
through it are quite distinct because the 
following chamber or not yet 
opacified. As the injection ceases when the 
ejection phase is initiated, the concentra- 
tion of contrast medium in the adjacent 
distal chamber rises more slowly than in 
and even after 


vessel is 


the continuous technique, 
consecutive injection "shots" a contrast 
gradient at the valve remains visible. The 
morphology and movement of the valve 


can be more clearly observed and for a 
longer period. The contrast material in the 
cavity into which the injection is made 
changes continuously by concentration and 
dilution. The structures bordering the con- 
trast medium and the flows within the 
heart are visualized in detail. 

(4) As we inject only small 
contrast medium, and only during the 
ing phase of the ventricles, 


quantities of 
fill- 
the hemody- 
namic conditions are less affected than in 


the continuous injection technique. The 
danger of intramural injection is decreased 
since no injection is made at the moment 
of myocardial contraction around the 
catheter. As the amount of contrast me- 
dium 1n one injection is smaller than in 
continuous injection the side effects are 
reduced. 
Cineangiocardiographies 
rotation of the patient from the lateral 
position into the dorsoventral position 
with the continuous injection technique 
have been previously performed in children 
with tetralogy of F ‘allots! A quick rotation 
of the patient through a large angle, com- 


during a quick 





Voi, 104; No; 2 Injection of Contrast Material into the Heart 


Fic. 13. Ventricular septal defect in a patient 20 years of age and weighing 52 kg. Diastolic injection into the 
left ventricular outflow tract. Cineangiocardiography in the left anterior oblique view. (4) Beginning of the 
systole after the first diastolic injection “shot,” lasting 0.4 sec., with 10.5 ml. contrast medium. The septum 
and the ventricular septal defect are well delineated. Beginning of opacification of the right outflow tract. 
(B) Later in systole. The outflow tracts are well separated and the defect lies immediately below the aortic 
valve. Hypertrophy of the septum. At the end of systole and during the second diastolic injection, the right 
ventricle and the pulmonary artery are well filled. Total amount of contrast medium in two diastolic injec- 
tions is 21 ml. Phased intermittent selective injection technique, see curve below (C). 


bined with a single continuous injection, tion procedure be lengthened. This can be 
has disadvantages in that only relatively achieved without increasing the amount of 
few pictures are taken in each projection. contrast medium to be injected by using 
In order to obtain as many angiocardio- intermittent phased injection technique. 
graphic pictures as possible in each pro- Under these conditions, multiplane cine- 
jection, it is important that: (1) The pa- angiocardiography has several advantages: 
tient be turned slowly; and (2) the injec- (1) By rotation, all projections between 
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two preselected positions are visualized 
and anomalies can be studied from all 
sides, 7.c., in three dimensions; (2) altera- 
tions in the cavitv or at the wall of the 
chambers can be localized and superim- 
posed structures separated. 

The intermittent phased injection. of 
contrast medium enables more informa- 
tion to be obtained with the same or even 
a smaller amount of contrast medium as 
compared with continuous injection. In 
spite of increased information the method 
places less strain on the patient. In order 
to obtain optimal results the method of 
selective phase-controlled injection requires 
in addition to a high speed injector and 
cardiac programmer, an exact preselection 
of the point, the phase, the duration, the 
How and the number of injections." 


SUMMARY 


The following advantages are claimed 
for a new angiocardiographic technique, 
viz. Intermittent phased injection of con- 
trast medium into the heart: Smaller 
amounts of contrast medium are needed; 
repeatability of injection into different 
heart cavities; increase in observation 
time; possibility of slow rotation of the pa- 
tient during injection and exposure (multi- 
plane cineangiocardiography); decreased 
danger of intramural injection; and fewer 
toxic side effects. 

Roentgenologically more information is 
obtained with less contrast medium. Valve 
movements, intracavitary structures and 
flows are more clearly displayed for a 
longer time. 

A report of 2,228 intermittent phased 
injections in 726 patients with congenital 
or acquired heart diseases (317 children, 
409 adults) is presented. The weight of the 
patients ranged from 2,470 gm. to 86 kg. 
The injections usually consisted of 2 or 3 
diastolic (ventricles, aorta) or systolic 
(atria) phased "shots," each lasting o.1 
to O.5 seconds. 

Such short injections require special 
equipment. “High-speed injectors” with 
a pressure rise and decrease time of at 
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least 50 milliseconds, an automatic flow- 
rate control and a digital cardiac program- 
mer were constructed and are described. 


Nikolaus Schad, M.D. 
Mallinckrodt Institute of Radiology 
Washington University 

$10 South Kingshighway 

St. Louis, Missouri 63110 
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PHYSICAL RAYS AND THE KIDNEY 


HE accelerated pace in renal hyper- 

tensive therapy during the past few 
decades has demanded an updating of diag- 
nostic and follow-up functional and mon- 
itoring tests inclusive of weight watching. 
Many renal tests are based on radioactive 
clearance and scanning. These assess glo- 
merular filtration, renal blood flow and ex- 
cretion, and often localize the disorder 
segmentally. Rehberg first suggested clear- 
ance of exogenous creatinine in 1926.! The 
improved radioisotope urologic clearance 
tests, now preferred over chemical ana- 
lytic methods, are very informative, effi- 
cient, safe and painless, since no retrograde 
catheters have to be placed in the ureters. 
These tests are useful in the obese and the 
lean, adults and children and the healthy 
and sick. They may be done in animal and 
in vitro studies of the kidney. This utopic 
functional status for roentgen ravs and 
Isotopes 1s timely in an age of transplan- 
tation of renal organs and extension of 
lite by dialyzers. The ethics of such trans- 
plantation is now accepted, as the pro- 
cedure 1s already successful and needs no 
defense in desperate circumstances to 
sustain life and economics. 

As in heart disease, the recognition of 
renal disease from plain abdominal roent- 
genograms Is a must for suspects of renal 
pathology. The simple roentgenogram is an 
early and often accurate source of patho- 
physiologic information. Besides locating 
the organ, the roentgenogram shows its 
size in its natural or imposed environs. It 
spots overly dense material such as calcified 
areas along the entire genitourinary tract. 
Patterns such as atrophic, gigantic, and 


! REHBERG, P. B. Studies on kidney function: rate of filtration 
and reabsorption in human kidney. Biochem. J., 1926, 20, 447-460. 


horse-shoe kidney may require additional 
study with contrast media to yield perspec- 
tives of dislocation, disorganization and 
blood supplies. Contrary to the case of heart 
disease, the recognition of renal disease 
from electroureterograms has not flour- 
ished to date as the analysis of intrinsic 
electrical potentials and their fields has 
done for heart disease. 

Other energy spectra such as the super- 
sonic band, radiofrequencies and various 
monochromatic lasers are entering the 
field of therapy and diagnosis and could 
find applicability in shadowing renal form 
and function. As in the case of roentgen 
rays the injurious qualities must be elimi- 
nated or minimized before acceptance. 

Using a benign low intensity radiofre- 
quency impedance plethysmograph over 
the kidney region, Allison and his associates” 
screened 102 hypertensive patients se- 
lected from 1,340 patients in a 10 month 
interval. Among a battery of tests including 
cold pressor hyperreaction, histamine- 
regitine signs for pheochromocytoma, angi- 
otensin response, intravenous pyelogram, 
hippuran renogram, and renal angiograms 
they recorded bilateral electrical impedance 
renograms which indicate pulsatile electri- 
cal conduction characteristics. As the radio 
signal penetrates deeply from surface 
electrodes, a change in the circulation blood 
content 1s detected as a change in electrical 
volume. In experimental studies it was 
shown that a reduction in plethysmo- 
graphic amplitude follows renal artery oc- 
clusion but there is a persistent smaller 
residual pulse from adjacent tissues. We 

? ALLISON, R. D., Lanasjoen, P. H., Sancuez, S. A., Inmon, 
T. W., LvNcu, D. J., and Duran, A. Diagnosis of renal hy perten- 


sion and application of impedance renograms. Writings and re 
ports from the Scott White Clinic, 1967, 7, 196. 
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have noted development of a differentiated 
type of impedance pulse in this region after 
nephrectomy. A markedly diminished vol- 
ume type of pulse is observed in unilateral 
atrophic kidneys. These abnormal findings 
parallel the results by renal angiograms in 
the presence of renal artery stenosis. In dL 
lison’s studies the five cases of abnormal uni- 
lateral renal angiograms also showed ab- 
normal impedance renograms. The tetra- 
polar electrical impedance plethysmograph 
was first applied to evaluation of a trans- 
planted kidney by Wallace, Clark and 
Greening.’ They repeated the tests daily 
when necessary. There was little renal type 
pulsatility through the transplanted kidney 
compared to the opposite groin control re- 
gion. This kidney failed and the patient 
did not survive. The Guest Editor hopes 
that the quality of impedance pulse records 
will leave no doubt in one’s mind about the 
vascular function of transplanted kidneys 
or in vitro studies of kidneys prior to trans- 
plantation. 

The radioactive indices of renal circula- 
tory function in vitro have been ably re- 
ported in this JourNAL during the study of 
baboon kidneys by VanHeerden and his 
colleagues.‘ Their deep concern is the pres- 
ervation of the excised and transplantable 
kidney. Their conclusion that high oxygen 
pressure in the perfusate is less physiologic 
than helium in preservation of the renal 
organ is based on a number of renal func- 
tion tests proven meritorious by others. Ap- 
parently renal function including excretion 

can be maintained on oxygen free and blood 
free perfusate for several hours. The best 


3 WaLLacr, J. D., Crank, J. E., and Greenine, R. R. Clinical 
measurement of relative renal blood flow. Personal communica- 
tion. 

4VanHEERDEN, P. D., Jouusrow, G. S., Retier, C. P., Van 
ZyL, J. A., VanZyt, J. W., and Murpuy, G. P. Radioisotope and 
renal functional characterization of baboon kidney during normo- 
thermic, bloodless, isolated perfusion. Am. J. RoeNTGENOrL., RAD. 
THERAPY & Nuciear MED., 1968, 704, 259-270. 
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proof of renal selection or proper mainte- 
nance is the survival and function after 
transplantation in the host, where numer- 
ous other factors militate vs. acceptance of 
a foreign organ. We will look forward to a 
report of controlled transplanted kidnevs. 
It does seem that renal failure is almost in- 
variably accompanied by renal circulatory 
failure whether cortical or medullary and 
excretory. Therefore, a case may be made 
for a systematic review of this function by 
electrical impedance plethysmography. The 
intact and transplanted renal organs are 
unaltered by screening and the signal is in- 
nocuous to body tissue. 

Monitoring of electrical impedance reno- 
grams of transplanted kidneys intermit- 
tently or continuously, with or without 
telemetering devices, is a new physical con- 
cept. It promises maximal and immediate 
guidance with minimal risk to the patient. 
It could be made a benign and essential 
non-burdening screening technique for se- 
lecting candidates for renovascular repair 
together with abdomino-renal aortography. 
The low incidence of renovascular hyper- 
tension does not justify the risk of aortog- 
raphy for every one with hypertension; 
however, plethysmography carries no 
added risk to patient evaluation. Radioiso- 
tope characterization is extremely valuable 
and is an essential procedure in the difter- 
entiation of renal, ureteral and bladder 
functions. 

Medical science is greatly enhanced by 
the objective contributions resulting from 
radioisotope and roentgen analysis of gen- 
itourinary states which have been adapted 
to modern needs. 


Jan Nysoer, D.Sc., M.D. 


Rehabilitation Institute 
Wayne State University 
School of Medicine 

261 Mack Boulevard 
Detroit, Michigan 48201 
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Editorials 


VINCENT W. ARCHER, M.D. 
1895-1968 


R. VINCENT W. ARCHER, Profes- 

sor Emeritus of Radiology and Con- 
sultant in Radiology at the University of 
Virginia, died in the University of Virginia 
Hospital on July 31, 1968. 

Dr. Archer was born on August 3, 1895 
in Berwyn, Illinois. He attended Guilford 
College and Davidson College and was 
graduated from the University of Virginia 
with the B.S. degree in 1920. He received 
the M.D. degree from the University of 
Virginia School of Medicine in 1923. He 
was a member of Phi Beta Kappa, Alpha 
Omega Alpha, Sigma Xi, the Raven Society 
and Theta Delta Chi. 

He had been a member of the medical 


faculty of the University of Virginia for 42 
years, serving as Chairman of the Depart- 
ment of Radiology from 1924 to 1961, and 
as Professor of Radiology until July 1, 
1966, when he was elected Professor Emer- 
itus of Radiology. He had continued as a 
consultant in the department which he had 
seen grow from a one-man operation to one 
with a staff of 100 representing a variety 
of specialties and skills. 

In addition to his teaching and clinical] 
duties at the University of Virginia Medi- 
cal Center, Dr. Archer was active in numer- 
ous scientific and professional organiza- 
tions in which he has held important posts. 

He has been widely honored for his con- 
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tributions to radiology in Virginia. and 
throughout the United States, and for his 
work in behalf of the expansion of the Uni- 
versity of Virginia Medical Center. 

Dr. Archer served as President of the 
Medical Society of Virginia, the University 
of Virginia Medical Alumni Association, 
the Virginia Radiological Society, the 
Albemarle County Medical Society, the 
Piedmont Medical Society, and the Amer- 
ican College of Radiology. 

He was a co-founder and Chairman of 
the Virginia Medical Service Association 
(now called Blue Shield of Virginia), and 
was a member of the House of Delegates of 
the American Medical Association and of 
the AMA Committee on federal medical 
services for many years. 

He was a former Chairman of the Board 
of Chancellors of the American College of 
Radiology, the Council of the Southern 
Medical Association, and the Council of 
the American Roentgen Ray Society. 

He was an Honorary Member of the St. 
Louis Academy of Medicine, and of the 
British, Texas, Panama, Rocky Mountain, 
and Detroit Radiological Societies; a dip- 
lomate of the American Board of Radiol- 
ogy; and a member of the Radiological 
Society of North America, Inc. 

Dr. Archer was the author of nearly 40 
medical papers and one book, "The Os- 
seous System." He was the inventor of lead 
glass fabric for fluoroscopic gowns. 

In 1949 he was the recipient of the First 
Award by the Southern Medical Associa- 
tion and the Medical Society of Virginia. 
The American Medical Association 
awarded him a bronze medal in 1930 and a 
certificate of merit in 1934, and 1n 1949 he 
was awarded a silver medal by the Ameri- 
can Roentgen Ray Society. 

In 1961 he received the gold medal of the 
American College of Radiology ''for dis- 
tinguished and extraordinary service to the 
College and the profession for which it 
stands." The medal is the highest honor 
given by the nationwide organization of 
radiologists, of which Dr. Archer was a Past 
President. 

In 1967 he received the Distinguished 
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Service Award of the Medical Society of 
Virginia "in. sincere appreciation of his 
many contributions to his State, his profes- 
sion, and his Society." 

Citing his many achievements and his 
“illustrious record," the certificate read, 
“Medicine, as a profession, has produced 
many great Americans —scientists, states- 
men, and dedicated citizens. . . . Rarely, 
however, does one come along who has, 
during a lifetime of service, made his mark 
in all three categories- scientist, states- 
man, dedicated citizen. 

"Such a person is Dr. Vincent W. Archer 
of Charlottesville. . . . To say that the 
phvsicians of Virginia are better off because 
of Dr. Archer's contributions in their be- 
half is an understatement. He has been a 
life-long proponent of good medical prac- 
tice in Virginia and the nation, a sponsor of 
expansion and development of the Univer- 
sitv of Virginia Hospital, a great teacher of 
students and residents, and a good friend to 
all." 

Dr. Vincent W. Archer's death represents 
a great loss to the University of Virginia and 
to American Medicine. His passing, too, 
marks the end of an era in American Ra- 
diology, for Vincent Archer was one of the 
few surviving pioneers in this field who were 
instrumental in establishing the new spe- 
cialty and ensuring its survival by founding 
its practice on sound ethical and scientific 
principles. His talents met success in many 
areas. He not only found time to develop 
his Department at the University of Vir- 
ginia, but also to make significant contribu- 
tions to the scientific literature and to state 
and national medicine. His guidance, wis- 
dom and humor will be missed by his col- 
leagues, former trainees and by those who 
remain to carry on his work. 

Dr. Archer is survived by his wife, Mrs. 
Kate Eleazer Archer, a daughter, Mrs. 
Mary Katherine Clegg of Englewood 
Beach, Florida, and a son, Vincent W. 
Archer, Jr. of Houston, Texas. 


THeEoporeE E. Keats, M.D. 


Department of Radiology 
University of Virginia Hospital 
Charlottesville, Virginia 22901 
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THE INTERNATIONAL COMMISSION ON RADIATION 
UNITS AND MEASUREMENTS (ICRU) 


T. IE publication of two new reports and 
the establishment of a new publica- 
tions program are announced by the Inter- 
national Commission on Radiation Units 
and Measurements (ICRU). 

The two new reports are ICRU Report 
11, Radiation Quantities and Units, and 
ICRU Report 12, Certification of Standard- 
ized Radtoactive Sources. 

ICRU Report 11 (available September 1, 
1968) constitutes a revision of the Commis- 
sion’s definitions of basic radiation quan- 
tities and units as published in ICRU Re- 
port 10a (National Bureau of Standards 
Handbook 84) in 1962. The new report de- 
fines 18 quantities fundamental to radia- 
tion measurement. These include quan- 
tities such as exposure, absorbed dose, ac- 
tivity, fluence and kerma. Four of the 


definitions are substantially changed from 


those published in 1962, while minor 
changes have been made in six others. The 
table of quantities and units has been com- 
pletely revised to reflect the Commission's 
adoption of the International System of 
Units. 

ICRU Report 12 (available September 
15, 1968) presents the Commission's recom- 
mendations on the information that should 
be provided when a standardized radio- 
active source 1s issued. In ICRU Report 
roc (National Bureau of Standards Hand- 
book 86), issued in 1963, the Commission 
treated international comparisons of source 
standards and discussed the factors which 
affect the reliability of a source as a stan- 
dard; z.e., radionuclidic purity, half life 
decay scheme and chemical purity and sta- 
bility. Similar desiderata apply to any 
source issued as a standard but consider- 
able variability exists in the amount and 
kind of data provided by the suppliers of 
standardized sources. Thus, agreement as 
to the contents required in any certificate 


specifying a standard source is highly desir- 
able. Report 12 is intended to meet this 
need. The report treats the problems of 
certification of standardized radioactive 
sources, clarifies the pertinent terms pre- 
viously defined by the ICRU and gives a 
comprehensive list of the information 
which should be provided with a standard- 
ized source. The report is intended pri- 
marily as a guide for suppliers of stan- 
dardized sources, but should also be help- 
ful to users of such sources. 

With the issuance of the two new reports, 
the ICRU will, for the first time, publish 
and distribute its own reports. The Com- 
mission has just opened a publication sales 
office in Washington, D. C. and plans to 
establish publications outlets in other 
countiies in the near future. Previously, the 
major ICRU reports were published as 
Handbooks of the National Bureau of 
Standards and were available only from the 
Superintendent of Documents, U. 5. Gov- 
ernment Printing Office. 

The following ICRU reports, of con- 
tinuing validity, can still be obtained at 
Government Printing Office prices. from 
that source: 12b Physical Aspects of Irradi- 
ation (NBS Handbook 85); roc Radio- 
activity (NBS Handbook 86); 10d Clinical 
Dosimetry (NBS Handbook 87); 10e Ra- 
diobiological Dosimetry (NBS Handbook 
88); rof Methods of Evaluating Radiologi- 
cal Equipment and Materials (NBS Hand- 
book 89). As a service to the users of ICRU 
recommendations, however, these reports 
will also be available from the Commis- 
sion's new publication office. 

For additional information please con- 
tact W. R. Ney, Technical Secretary, In- 
ternational Commission on Radiation Units 
and Measurements, 4201 Connecticut Ave- 
nue, N.W., Washington, D. C. 20008. 
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NEWS ITEMS 











THE AMERICAN COLLEGE OF 
RADIOLOGY 


Immediately following the Annual Meet- 
ing in Atlanta, Georgia, February 17-22, 
1969, the Americas Cols of Radiology 
will sponsor a Conference and Tour at 
sunny Nassau, in the Bahama Islands, 
February 22-28, 1969. 

The scientific program will be held Feb- 
ruary 24-27, at the Nassau Beach Hotel 
near Nassau on New Providence Island. 
The group will leave from Atlanta at the 
end of the College's meeting and return to 
the U. S. on February 28. A three-day ex- 
tension to Freeport on Grand Bahama Is- 
land also is offered. 

The scientific program is under the direc- 
tion of Dr. Benjamin Felson, M.D., Chair- 


man of the Commission on Education of 


the American College of Radiology. 

The distinguished Faculty Members are: 
Frederick J. Bonte, M.D., Dallas, Texas; 
John A. Campbell, M.D., Indianapolis, In- 
diana; Milton Elkin, M.D., New York, 
New York; Benjamin Felson, M.D., Cin- 
cinnati, Ohio; Robert G. Fraser, M.D., 
Montreal, Quebec, Canada; Isadore 
Lampe, M.D., Ann Arbor, Michigan; Sid- 
ney W. Nelson, M.D., Columbus, Ohio; 
and Edward B. D. Neuhauser, M.D., Bos- 
ton, Massachusetts. 

Arrangements for the Conference are 
handled for the College by Group Travel 
Services of Kansas City. Lee J. Kirkland, 
President of the company, also arranged 
College conferences in Hawaii and in Spain 
and is the official travel agent for the U. S. 
delegation to the 12th International Con- 
gress of Radiology. 

For further information regarding reser- 
vations please write to Group Travel Ser- 
vices, 3545 Broadway, Kansas City, Mis- 
souri 64111. 


RENAL AND GENITOURINARY 
DISORDERS 


Pediatric Postgraduate Course 


The Variety Children's Hospital Annual 
Pediatric Postgraduate Course, titled 
"Renal and Genitourinary Disorders," will 
be held at the Deauville Hotel in Miami 
Beach, Florida, January 26-30, 1969. 

The Guest Faculty will neiude: : Alfred 
M. Bongiovanni, M. D., Professor and 
Chairman, Department oi Pediatrics, Uni- 
versity of Pennsylvania: Audrey E. Bydns; 
M.D., Chief, Pediatric Hematology ei 
vice, Univer sity of Chicago; Robert H. 
Heptinstall, M.D., Professor of Pathology, 
The Johns Hopkins University; Edward TH. 
Kass, M.D., Associate Professor of Bac- 
teriology and Immunology, Harvard Uni- 
versity; Lowell R. King, M.D., Professor of 
Urology, University of Illinois; Charles R. 
Scriver, M.D., Associate Professor of Pe- 
diatrics, McGill University; Donald W. 
Seldon, M.D., Professor and Chairman, 
Department of Internal Medicine, Univer- 
sity of Texas Southwestern Medical School; 
Frederic N. Silv 'erman, M.D., Professor of 
Radiology and Pediatiics, University of 
Cincinnati; Robert L. Vernier, M.D., Pro- 
fessor of Pediatrics, University of Califor- 
nia; and D. Innes Williams, M.D., Senior 
Lecturer in Urology, University of London, 
England. 

For further information, please write to 
Donald H. Altman, M.D., Chairman, Post- 
graduate Education, Variety Children’s 
Hospital, Miami, Florida 33155. 


COURSE ON RADIOLOGY OF 


Indiana University 


TRAUMA 


The Department of Radiology of Indiana 
University School of Medicine announces a 


four-day postgraduate course on “Radi- 
ology of Trauma” to be given at the Medi- 
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cal Center in Indianapolis, Indiana, April 
15-18, 1969. The course is planned pri- 
marily for the general radiologist, but 1s 
open to all physicians. 

The program considers the various cur- 
rent aspects of human trauma and the 
newer methods. Emphasis will be placed on 
pitfalls and means of reducing errors in 
interpretation. 

Presentations will consist of lectures, 
panels, film interpretation, conferences and 
exhibits correlating the radiologic exami- 
nation of traumatized patients with the 
mechanisms of thier injuries, and their 
sequelae. 

The Faculty of Indiana University Medi- 
cal Center will be assisted by the following 
Guest Participants: Walter E. Berdon, 
New York, New York; Milton Elkin, New 
York, New York; Robert H. Freiberger, 
New York, New York; Atis K. Freimanis, 
Columbus, Ohio; Elisha S. Gurdjian, De- 
troit, Michigan; John A. Kirkpatrick, Phil- 
adelphia, Pennsylvania; Arthur C. Kittle- 
son, Ann Arbor, Michigan; Leon Love, 
Chicago, Illinois; James J. McCort, San 
Jose, California; Sidney W. Nelson, Co- 
lumbus, Ohio; Jack Reynolds, Dallas, 
Texas; and Mannie M. Schechter, New 
York, New York. 

For information regarding enrollment in 
this course, please write to Dr. John A. 
Campbell, Department of Radiology, In- 
diana University Medical Center, India- 
napolis, Indiana 46202. 


SYMPOSIUM ON THE RADIATION 
BIOLOGY OF THE FETAL 
AND JUVENILE MAMMAL 


An International Symposium on the 
Radiation Biology of the Fetal and Juve- 
nile Mammal will be held in Richland, 
Washington, May 5-8, 1969. The meeting 
will be sponsored by Battelle-Northwest 
and the U. S. Atomic Energy Commission. 

According to Dr. M. R. Sikov of Bat- 


telle-Northwest, who is General Chairman 
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of the Symposium, papers will be presented 
bv scientists from throughout the world. 

Dr. D. D. Mahlum, Battelle-Northwest, 
Chairman of the Program Committee, an- 
ticipates papers in the following subject 
areas: Cross-placental passage of radio- 
active materials; gastrointestinal absorp- 
tion of radionuclides in the immature mam- 
mal; metabolism of radionuclides by the 
fetal and immature mammal; radiation 
effects in the fetus; radiation effects in the 
juvenile mammal; mechanisms for the dif- 
ferential radiosensitivity of the immature 
animal. 

Provisional titles and abstracts of 300 
words or less of proposed papers should be 
submitted by December 6, 1968, to Dr. 
D. D. Mahlum, Symposium on Radiation 
Biologv of the Fetal and Juvenile Mam- 
mal, Post Office Box 7999, Richland, Wash- 
ington 99352. Further information may 
be obtained by contacting Dr. Sikov at the 
same address. 


ARMED FORCES INSTITUTE OF 
PATHOLOGY 


Course in Oral Pathology 


The Sixteenth Course in Oral Pathology 
will be held March 3-7, 1969. This course 
provides dentists, physicians and trainees 
in oral and general pathology with a funda- 
mental knowledge of various aspects of 
oral disease, and brings them abreast of 
recent developments in this field. 

Developmental disturbances of the head, 
neck and oral region, inflammatory dis- 
eases of the oral mucosa and jaws, the oral 
manifestation of certain systemic diseases 
and neoplasms of the oral cavity and re- 
lated structures will be discussed in detail 
and their clinical, roentgenographic and 
microscopic characteristics illustrated. 

The course is open to both civilian and 
military dentists and physicians. To apply, 
please contact The Director, Armed Forces 
Institute of Pathology, ATTN: MEDEM- 
PAD, Washington, D. C. 20305. 
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BOOK REVIEW 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for 
Ihe courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


RADIOLOGY or THE HEART AND Great VEs- 
SELS. Second edition. By Robert N. Cooley, 
M.D., Professor and Chairman, Department 
of Radiology, University of Texas Medical 
Branch, Galveston, Texas; and Melvyn H. 
Schreiber, M.D., Professor of Radiology, 
John and Mary R. Markle Foundation 
Scholar in Academic Medicine, University of 
Texas Medical Branch, Galveston, Texas. 
Cloth. Pp. 566, with many illustrations. 
Price, $19.50. The Williams and Wilkins 
Company, 428 E. Preston Street, Baltimore, 
Md. 21202, 1968. 


This book is the result of a revision of a previously 
published Section in the familiar loose-leaf text on 
Diagnostic Radiology by Dr. Golden. Its publication 
as a separate volume may seem superfluous in view 
of the large number of works on the cardiovascular 
system, were it not for the fact that it covers a great 
deal of ground extremelv well in the space of a mere 
566 pages. 

The writing is succinct and to the point. All in- 
vestigative procedures from fluoroscopy to sophisti- 
cated angiography are covered. There are considera- 
tions of contrast media, catheterization procedures, 
and discussions of appropriate specialized proced- 
ures to be used in unusual cases. The Section on 
Congenital Heart Anomalies is based upon a good 
discussion of the relevant embryology, a clear ex- 
position of the types and classifications, and a sen- 
sible clinical approach. 

Considering the brevity of the text and the excel- 
lent coverage of the ground, criticism is almost un- 
reasonable. 

However, the reviewer would have welcomed some 
discussion of the appearance of the pulmonary veins 
in pulmonary venous hypertension which seems to be 
a constant source of difficulty with clinicians and 
students, and a few words about the limitations of 
the gas instillation methods of diagnosis of peri- 
cardial effusion, particularly in the presence of fluid 
in the right hemithorax. These are extremely minor 
omissions and do not detract from the value of this 
excellent book. 

It is warmly recommended to radiologists, clini- 


cians, and residents. 
Rocer Pye, M.D. 
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THE Rapriorocic Cuinics or NORTH AMERICA. 
Symposium on Pediatric Radiology. Edward B. 
Singleton, M.D., Guest Editor. August, 1968, 
Volume VI, No. 2. Cloth. Pp. 297, with many il- 
lustrations. W. B. Saunders Company, West 
Washington Square, Philadelphia, Pa. 19105, 
1968. 

Burkitt-Tumor: KLiNikK, EPIDEMIOLOGIE UND 
RaprioLocir. By Heinz Braband. Paper. Pp. 106, 
with some illustrations. Price, DM 48.-. Georg 
Thieme Verlag, Stuttgart. In the U.S.A. and Can- 
ada, Intercontinental Medical Book Corporation, 
New York, N. Y. 10016, 1968. 

Errecr or DracNosric RaprarioN Upon THE Hu- 
MAN Foetus. Follow-up study of 152 children 
exposed to irradiation during the first 4 months of 
foetal life due to x-ray examination of the maternal 
abdomen. By Kirsten Nókkentved. Paper. Pp. 
163, with some tables. Price, Dan. kr. 40.oo. 
Munksgaard, Copenhagen, Denmark, 1968. 

RONTGENOLOGIE FUR DIE Pmaxis. Seminare der 
Internationalen Fortbildungskongresse der Bun- 
desarztekammer. By Professor Dr. Helmut Hart- 
weg, Direktor des Universitas-Instituts für Rónt- 
genologie und Strahlentherapie, Bürgerspital Ba- 
sel. Loose-leaf. Pp. 164, with 144 figures. Price, 
DM 48.-. J. F. Lehmanns Verlag, München 21, 
Germany, 1968. 

[ UNCTIONAL PATHOLOGY OF THE CERVICAL SPINE. 
Radiographic studies of function and dysfunction 
in congenital disorders, cervical spondylosis and 
injuries. By L. Penning, Neuroradiologist at the 
University Hospital, State University, Groningen, 
The Netherlands. Cloth. Pp. 196, with many il- 
lustrations. Price, $13.50. In the U.S.A., The Wil- 
liams & Wilkins Company, 428 E. Preston Street, 
Baltimore, Md. 21202, 1968. 

RADIOGRAPHIC POSITIONING AND RELATED ANAT- 
omy. By Isadore Meschan, M.A., M.D., Professor 
and Director of the Department of Radiology, The 
Bowman Gray School of Medicine of Wake Forest 
University, Winston-Salem, N. C.; Consultant in 
Radiology, Department of Radiology, Walter 
Reed Army Hospital, Washington, D. C., with the 
assistance of R. M. F. Farrer-Meschan, M.B., 
B.S. (Australia), M.D., Research Associate, De- 
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partment of Radiology, The Bowman Gray School Mepircar X-Ray Visrrs AND EXAMINATIONS DURING 


of Medicine of Wake Forest University, Winston- 
Salem, N. C. Cloth. Pp. 388, with many illustra- 
tions. Price, $13.50. Canadian price, $14.60. W. B. 
Saunders Company, West Washington Square, 
Philadelphia, Pa. 19105, 1968. 


TERATOLOGY OF THE CENTRAL NERVOUS SYSTEM: 


[INDUCED AND SPONTANEOUS MALFORMATIONS OF 
LABORATORY, AGRICULTURAL, AND  DomeEsTIC 
Mammats. By Harold Kalter. Cloth. Pp. 484, 
with some illustrations. Price, $17.50. University 
of Chicago Press, 5750 Ellis Avenue, Chicago, Ill. 
60637, 1968. 


Precnancy, UNITED SrATES, 1963. Data from the 
National Vital Statistics System. National Center 
for Health Statistics, Series 22, No. 5. U. S. De- 
partment of Health, Education, and Welfare. 
Paper. Pp. 42, with many tables. Price, $0.40. 
Superintendent of Documents, U. S. Government 
Printing Office, Washington, D. C. 20402, 1965. 


CINEFLUOROGRAPHY WITH FIELD EMISSION APPARA- 


tus. By Eero Lehtinen, Midwifery Institute, Hel- 
sinki, Finland. Paper. Pp. 74, with many illus- 
trations. Price, $5.00. Turku, Helsinki, Finland, 
1968. 
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SOCIETY PROCEEDINGS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoENTGEN Ray SOCIETY 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Jung Hotel, New 
Orleans, La., Oct. 1-4, 1968. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. John V. Blady, The Parkway House, 
2201 Benjamin Franklin Parkway, Philadelphia, Pa. 
19130. Annual meeting: Bellevue (Stratford Hotel, 
Philadelphia, Pa., April, 28-30, 1969. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ill., Dec. 1-6, 1968. 

AMERICAN COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Regency Hyatt 
House, Atlanta, Ga., Feb. 18-22, 1969. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: New York, 
N. X. July L 3-17, 2909. 

AMERICAN Boanp or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

AMERICAN ASSOCIATION OF Puysicists IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced. 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80907. 

AMERICAN SOCIETY FOR DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

TWELFTH INTERNATIONAL CONGRESS OF RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otani, Tokyo, Japan, 
Oct. 6-11, 1969. 

TENTH INTER-AMERICAN CONGRESS OF RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Penrose Cancer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 

President, Dr. Juan A. del Regato, Colorado Springs, 
Colo., USA. 

Secretary, Dr. F. Bloedorn, Boston, Mass., USA. 
Meeting: San Juan, Puerto Rico, 1971. 

INTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Pert. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

ALASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. Bruce C. Wright, Providence Hospital, 
Anchorage, Alaska. Meets third Wednesday each month. 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert E. Steyskal, 550 W. 
Thomas Rd., Phoenix, Ariz. 85013. Two regular meetings 
a year. Annual meeting at time and place of State Medi- 
cal Association and interim meeting six months later. 

ARKANSAS CHAPTER OF AMERICAN COLLEGE or RADIOLOGY 
Secretary-Treasurer, Dr. Wilma C. Diner, 
Arkansas Medical Center, Little Rock, Ark. 72201. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11083 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

ASSOCIATION OF UNIVERSITY RADIOLOGISTS 
Secretary-Treasurer, Dr. Alexander Gottschalk, Univer- 


Univ. of 


sity of Chicago Medical School, Chicago, Hl. 600 37. 
Annual Meeting: University of California, San Francisco, 
May 7-10, 1969. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

BAVARIAN-AMERICAN RADIOLOGIC SOCIETY 
Advisor, Colonel Paul E. Sieber. Secretary, Major Peter 
B. Riesz, USAH Bad Cannstatt, APO 09154, New York. 
N. Y. Meets quarterly. 

BLocKLEY RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. John Gould, 
Rd., Drexel Hill, Pa. 19026. 

BrLuEGRAss RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly. 

BrooKLYN RADIOLOGICAL SOCIETY 
Secretary, Dr. Skottowe DePass, 69-13 Forest Ave., 
Brooklyn, N. Y. 11227. Meets first Thursday of each 
month, October through June. 

BurrALo RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Sheehan, 36 Briarlee Drive, Tona- 
wanda, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary- Treasurer: Dr. Leroy K. Mills, 3157 Oakcliff 
Circle, Carmichel, Calif. 95608. Meets annually during 
meeting of California Medical Association. 

CATAWBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
I2:OO NOON. 

CENTRAL NEw York RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George, Mitchell, Radiology 
Department, Syracuse Memorial Hospital, Syracuse, 
N. Y. 13210. Meets first Monday each month, October 
through May. 

CENTRAL Onro RADIOLOGICAL SOCIETY 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 15 and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 

CuicaGo RoENTGEN SOCIETY 
Secretary-Treasurer, Dr. Howard C. Burkhead, 2650 
Ridge Ave., Evanston, Ill. 60202. Meets third Wednes- 
day of each month, October to April, except December, 
at the University Club of Chicago. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Farmer, 18869 Canyon 
Rd. Fairview Park, Ohio 44126. Meetings at 7:00 P.M. 
on fourth Monday of October, November, Januan 
February, March and April. 

CoLonADo RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Seibert, Denver Gen. Hosp., 
Denver, Colo. 80218. Meets third Friday of each month 
at Denver Athletic Club from September through May. 

Connecticut VALLEY RapioLoaic SOCIETY 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

Datias-Fort WonTH RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert J. Atcheson, 1401 S. 
Main St., Fort Worth, Texas 76104. Meets monthly, 
third Monday, at Southwest International Airport at 
6:30 P.M. 

DETROIT RoENTGEN Ray Society 
Secretary, Dr. David P. Corbett, Harper Hospital, 
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* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Detroit, Mich. 48201. Meets monthly, first Thursday, 
October through May, at David Whitney House, 1010 
Antietam, at 6:30 P.M. 

East Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Allen B. Freitag, 411 3oth Str., Oakland, 
Calif. 94609. Meets first Thursday each month, Oct. 
through May, at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

FLORIDA RADIOLOGICAL SOCIETY 
Secretary, Dr. John C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

FLoripa West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Allen M. Sheer, o1 E. Buffalo Ave., 
Tampa, Fla. 33603. Meets in January, March, May, 
July, September and November. 

GEORGIA RADIOLOGICAL SOCIETY 

CHAPTER OF THE AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Walker Harris, The Medical Center, 
Columbus, Georgia 31902. Meets in spring and fall with 
Annual State Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER MiaMi RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Sylvan H. Sarasohn, North 
Miami General Hospital, 1701 Northeast 127thSt., North 
Miami, Fla. 33161. Meets monthly, third Wednesday 
at 8:00 P.M. at Jackson Memorial Hospital, Miami, Fla. 

GREATER Sr. Lovis Society oF RADIOLOGISTS 
Secretary-Treasurer, Dr. Roland P. Ernst, 3720 Wash- 
ington Ave., St. Louis, Mo. 63108. 

Hawar RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. K. Wang, P.O. Box 256, 
Wahiawa, Oahu 96786. Meets third Monday of each 
month at 7:30 P.M. 

HEALTH Puysics SOCIETY 
Secretary, John W. Thomas, Philadelphia, Pa. Annual 
Meeting: Denver-Hilton Hotel, Denver, Colo., June 
16-20, 1968. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Thomas S. Harle, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 P.M., Houston, Tex. 

[DAHO STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. C. R. Markivee, 674 North Seminary St., 
Galesburg, Ill. 61401. Meets in the spring and fall. 

INDIANA ROENTGEN SOCIETY, INc. 

Secretary, Dr. Edwin F. Koch, Jr., 915 University Ave., 
Muncie, Ind. 47303. Meets first Sunday in May and dur- 
ing fall meeting of Indiana State Medical Association. 
lowa RADIOLOGICAL SOCIETY 

Secretary-Treasurer, Dr. J. H. Lohnes, 1948 First Ave., 
N.E., Cedar Rapids, Iowa 52402. Luncheon and business 
meeting during annual session of Iowa State Medical 
Society. The scientific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary-Treasvrer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 

Kentucky CHAPTER, AMERICAN COLLEGE OF RADIOLOGY 
Secretary-Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 
way, Lexington, Ky. 40504. Meets in April and Sep- 
tember. 

Kincs County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
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Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone IsLanpD RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert J. Hochstim, 1200 Stewart Ave., 
Garden City, N. Y. 11533. Meets monthly. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. John L. Gwinn, Childrens Hospital of Los 
Angeles, 4650 Sunset Blvd., Los Angeles, Calif. 90027 
Meets second Wednesday of month in September, 
November, January, April and June at Los Angeles 
County Medical Association Building, Los Angeles, Call f. 

LouisiANA-TExas GuLrF Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. 

MAINE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bearor, Maine Medi- 
cal Center, Portland, Maine 04102. Meets in June, Sen- 
tember, December and April. 

MaARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

MEMPHIS ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Webster Riggs, Jr., The Uni- 
versity of Tennessee College of Medicine, Department of 
Radiology, Walter F. Chandler Bldg., 865 Jefferson Ave., 
Memphis, Tenn. 38103. Meets first Monday of each 
month at John Gaston Hospital. 

MramMi VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 P.M. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupson RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 P.M., first Wednesday of each 
month, September to May. 

MILWAUKEE RoENTGEN Ray SOCIETY 
Secretary-Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 
sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
fourth Monday, October through May, at University 
Club. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Warren L. Kump, 4243 Glen- 
wood Ave., Minneapolis, Minn. 55422. Meets twice annu- 
ally, fall and winter. 

MississiPPI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missouri RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Harold B. Rapp, Cape Girar- 
deau, Mo. 

MoNTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Otto A. Troester, 924 Sharp 
Building, Lincoln, Nebraska 60508. Meets third Wednes- 
day of each month at 6 p.m. in Omaha or Lincoln. 

NEvaADA RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New ENcLAND RoEnTGEN Ray Society 
Secretary, Dr. Morris Simon, 330 Brookline Ave., Boston, 
Mass. 02115. Meets third Friday of each month, October 
through May, at The Longwood Towers, 20 Chapel 
Street, Brookline, Mass., at 4:30 P.M. The Annual Meet- 
ing will be held May 24 and 25, 1969, at the Hotel Bel- 
mont, West Harwich by-the-sea, Cape Cod, Mass. The 
guest speaker, Dr. Lucy Frank Squire, will present the 
Twenty-fifth George W. Holmes Lecture. 

New HampsuHirRE RoEeNTGEN Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico AssociATION OF RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Society oF RADIOLOGISTS 
Secretary, Dr. Phil Fox, Albuquerque, New Mexico. Four 
meetings annually, three held in Albuquerque, N. M., 
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and one held at time and place of New Mexico State 
Medical Society annual meeting. 

New York RoeNTGEN Society 
Secretary, Dr. David H. Baker, Babies Hospital, 3975 
Broadway, New York, N. Y. 10032. Meets monthly on 
third Monday at the New York Academy of Medicine at 
4:30 P.M. 

New York STATE CHAPTER OF 

or RAproLocv, Ine. 

Secretary- Treasurer, Dr. John W. Colgan, 273 Holly wood 
Ave., Rochester, N. I. I 461 8, 

NORTH CAROLINA CHAPTER OF ACR, 

Secretary-Treasurer, Dr. Ira Bell, Hickory, N. C. 

NonTH Carouina RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

NonTH Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Ohrt, 408 Medical Arts Bldg., Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 

NonTH Fioripa RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York Rapiorocicat SocieTy 
Secretary, Dr. Herbert F. Reilly, Jr., 12 Sandalwood Rd., 
Scotia, New York 12302. Meets in Albany area on third 
Wednesday of October, November, March, April, and 
May. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Ivan D. Siddons, 3701 J. St., Suite 
106, Sacramento, Calif. 95816. Meets fourth Monday of 
Sept., Nov., Jan., March and May at the Sutter Club in 
Sacramento. 

NORTHWESTERN OHIOo RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onro State RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert D. Berkebile, Elyria Memorial 
Hospital, Elyria, Ohio 44035. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald F. Mauritson, 100 Utica Square 
Med. Center, Tulsa, Okla. 74114. Meets in January, 
May and October. 

OnANGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

OnEGON RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Clinton B. Sayler, 214 Medical 
Dental Bldg., Portland, í lregon 97205. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

ORLEANS ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

PacrrIc NorTHWEST RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marvin Wallace, 555 108th Ave. 
N. E., Bellevue, Washington 98004. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Poly- 
clinic Hosp., Harrisburg, Pa. 17105. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
54th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH RoENTGEN SOCIETY 
Secretary, Dr. Edward R. Seitz, 601 Jenkins Bldg., Pitts- 
burgh, Pa. 15222. Meets second Wednesday of month, 
October through June, at Park Schenley Restaurant. 

RADIATION RESEARCH SOCIETY 
Secretary-Treasurer, Dr. Gail D. Adams, Dept. of Radi- 
ology, Univ. of Oklahoma Medical Center, Oklahoma 
City, Oklahoma 73104. 

RADIOLOGICAL SOCIETY oF CONNECTICUT, Ine. 
Secretary-Treasurer. Dr. Henry J. Fox, 10 Washington 
Ave., Bridgeport, Conn. Meetings are held quarterly. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Donald E. Gunderson, 3553 
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Bayard Dr., Cincinnati, Ohio 45208. Meets first Monday 
of each month at Cincinnati Academy of Medicine. 

RADIOLOGICAL SOCIETY OF GREATER Kansas CrTY 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL SocierY or Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month, 

RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave, 
New Orleans 15, La. Meets semiannually, during Loui- 
siana State Medical Socicty meeting and 6 months later. 

RADIOLOGICAL SOCIETY or NEW JERSEY 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. 07018. Meets in Atlantic City at time 
of State Medical Society meeting and in October or No- 
vember in Newark, N. J. 

RADIOLOGICAL SOCIETY or RHODE ISLAND 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 

RADIOLOGICAL SOCIETY or SourH DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Robert G. Williams, The Santa 
Barbara Medical Clinic, P.O. Box 1200, Santa Barbara, 
Calif. 93102. Meets three times a year, usually October, 
February and May. 

RADIOLOGICAL SOCIETY OF THE STATE or NEw York 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. 

Repwoop EMPIRE RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicHMonD County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

RocHEsTER RoENTGEN Ray Sociery, Rocuester, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 
Quarterly meetings on the call of the President, at the 
Rochester Academy of Medicine. 

Rockv Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. 15-17, 1968. 

SAN ANTONIO-MILITARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer’s Club at 6:30 
P.M. 

San Dirco RADIOLOGICAL SOCIETY 
President-Secretary, Charles R. Henkelmann, 3909 Palm 
Drive, Bonita, Calif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Walter W. Herbert, Saint 
Francis Memorial Hospital, goo Hyde St., San Fran- 
cisco, Calif. 94109. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 

SANTA CLARA County RADIOLOGICAL SOCIETY 
Secretary, Dr. D. Brendan O’Donnell, 696 E. Santa 
Clara St., San Jose, Calif. 95112. Meets monthly at the 
Santa Clara County Medical Association Bldg., 700 
Empey Way, San Jose, Calif. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SEcTION ON RaproLocy, MEpicar Society or THE Dis- 
TRICT OF COLUMBIA 
Secretary- Treasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1310 Southern Ave., S.E., Washington, D. C. 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 P.M. 

SECTION ON Rapriotocv, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Phillip W. Voltz, Jr., 120 Medical Pro- 
fessional Bldg., San Antonio, Texas 78212. Annual meet- 
ing: New Orleans, La., November 18-21, 1968. 
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Section ON RapioLocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SociETY FOR PEDIATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Jung Hotel, New Orleans, La., Sept. 30, 1968. 

SOCIETY or NUCLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Annual meeting Chase-Park Plaza Hotel, St. Louis, Mo., 
June 27-30 1968. 

Sour Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park, Calif. 94025. Meets second Wednesday of each 
month. 

SourH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg 5b. 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Soury Dakota RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave., 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 

SouTHERN CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary-Treasurer, Dr. Aaron G. Fingerhut, 1000 W. 
Carson St., Torrance, Calif. 90502. Mets quarterely. 

SouTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer. Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
meeting: Grand Hotel, Pointe Clear, Ala. 36564, Jan. 
31-Feb. 2, 1969. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Marion E. Spurgeon, Memorial 
Hosp., Clarksville, Tenn. 37040. Meets annually at the 
time and place of the Tennessee State Medical Associa- 
tion meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced. 

Tri-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 P.M., Elks Club in Evans- 
ville, Ind. 

UNIVERSITY OF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor Mich. 

UPPER PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran STATE RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Leon M. Neal, St. Benedict's 
Hospital, 3000 Polk Ave., Ogden, Utah 84403. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital. 

VERMONT RADIOLOGICAL SOCIETY 
la Dr. John R. Williams, 160 Allen St., Rutland, 

t. 

VinciNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. K. Kenneth Wallace Jr., Nor- 
folk, Va. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Paul S. Paulson, 1001 Broadway, 
Seattle, Washington 98122. Meets quarterly. 

West VircIniA RADIOLOGICAL SOCIETY 
Secretary, Dr. George G. Green, Morgantown, W. Va. 
Meets concurrently with Annual Meeting of West Vir- 
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ginia State Medical Society; other meetings arranged by 
program committee. 

WESTCHESTER CounTY RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

Wyominc RADIOLOGICAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cusa, Mexico, Puerto Rico AND CENTRAL AMERICA 


AsoclAciON DE RADIÓLOGOS DE CENTRO AMERICA Y 
PaNAMÁ. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SociEDAD DE RaADioLocíA DE Er SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9?. Calle A 0-05, Zona 1, 
Guatemala. 

SocrEDAD DE RaprioLocía v FisiorERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba Meets monthly at 
Curie Hospital. 

SociEDAD RADIOLOGICA COSTARRICENSE 
Secretary, Dr. Carlos Cordero, Chavarri, Apartado viii, 
San José, Costa Rica. 

SociEgDAD Mexicana DE RapioLocía, A.C. 

Coahuila No. 35, México 7, D. F. 
Secretary-General, Dr. Ramón Ruenes. 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504. Professional 
Bldg., Santurce, Puerto Rico. 

SociEDAD RADIOLOGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sanchez, Apartado No. 6323, 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocieDAD RaADroLÓGICA DE Puerto Rico 
Secretary, Dr. Felipe N. de Jesás, Apt. 9387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


BRITISH COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

BRITISH INSTITUTE OF RADIOLOGY 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 
until May. Annual meeting to be announced. 

CANADIAN AssociATION OF Puysicists, Division OF 
MEDICAL AND BIOLoGIcAL Puysics, 

Honorary Secretary-Treasurer, Paul M. Pfalzner, Dept. ot 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced. 

EDMONTON AND District RADIOLOGICAL SOCIETY 
Secretary, J. D. R. Miller, M.B., University of Alberta 
Hospital, Edmonton, Alberta, Canada. Meets third 
Thursday of each month October to May, except Decem- 
ber, at various Edmonton Hospitals. 

FacuLTY or RADIOLOGISTS 
Honorary Secretary, Dr. J. N. Pattinson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. Annual meeting: 
London, England, June 21-22, 1968. 

Facu.ty or Rapro.ocists, Rovar COLLEGE OF SURGEONS 
IN IRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.1., D.P.H., 123 
St. Stephens Green. Dublin 2, Ireland. 

Secrion or RanioLocv or THE Rovar Socigery or MEDI- 
CINE (ConFINED To MEDICAL MEMBERS) 

Meets third Friday each month at 4:45 P.M. at the Royal 
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Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
land. 

CANADIAN AssociATION or RADIOLOGISTS 
Honorary Secretary- Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald 1555 Summerhill Ave., Montreal 25, Que., 
Canada. 

MoNTnEAL RapioLocicAL Stupy CLuB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

SecTION oF RaproLoGv, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociÉTÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, s415 Boul. 
L'Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April, Annual meeting 
to be announced. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

COLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W., 
Australia. 


SoUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

Cor£Gcio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Miguel Maric Céntola, Caixa 
Postal 5984, Sáo Paulo, Brazil. 

SocIEDAD ARGENTINA DE RADIOLOGIA 
Secretary-General, Dr. Osvaldo E. Zerbo, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SocrEDAD BOLIVIANA DE RapioLocía 
Secretary, Dr. Javier Prada Méndez. Casilla 1182, La Paz, 
Bolivia. Meets monthly. General assembly once every 
two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Cxa Postal 1532, 
Rio de Janeiro, Brazil. General Assembly meets every 
two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SociEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Concha, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SociEDAD EcuaroriANA DE RapioLocfa v FISIOTERAPÍA 
Secretary, Dr. Carlos Palau, Av. Bogotá 206, Guayaquil, 
Ecuador. 

SoclEDAD PARnAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladis Delpino, Instituto de 
Radiología “Cayetano Heredia” Hospital Arzobispo 
Loayza, Lima, Perú. Meets monthly except during Janu- 
ary, February and March. 

SocIEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiología. 

SocIEDAD DE RapioLocfa, 
MÉDICA DEL URUGUAY 


CaNcEROLOGÍA v  FísicA 
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Secretary-General, Dr. José Claussius, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE RoENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA Provincia DE CORDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Cérdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Modesto Rivero Gonzales, Apar- 
tado No. 9362 Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÖNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 

SociÉTÉ RoyaLe BELGE DE RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SociÉTÉ EUROPÉENNE DE RADIOLOGIE PEDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hópital des 
Enfants-Malades, 149, rue de Sèvres, Paris 15e, France. 
General Secretary, Dr. H. Ludin, Department of Roent- 
genology, Basler Kinderspital, Basel, Switzerland. An- 
nual meeting to be announced. 

SociÉTÉ FRANÇAISE D’ELECTRORADIOLOGIE MÉDICALE, 
and its branches: SociÉTÉ pu Sup-Ovgst, pu LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
NORD, DE L'OUEST, DE L’Est, ET D'ALGER ET D'AFRIQUE 
DU Norp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru Paris 8s, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST PRO ROENTGENOLOGII A 
RADIOLOGII 
Secretary, Dr. Robert Poch, Praha 12, Srobárova so, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RÖNTGENGESELLSCHAFT 
President, Professor Dr. med. Hanno Poppe, Radio- 
logische Univ.-Klinik, Gossler Str. 10, 34 Göttingen, 
Germany. 

SocIETÀ IrALIANA DI RADIOLOGIA MEDICA E pI MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. C. B. A. J. Puiilaert, Prof. Dondersstraat 
73, Tilburg, Netherlands. 

SCANDINAVIAN RaproLocicaL Socii v 
Secretary-General, Dr. C. E. Unnérus, Professor, Haga- 
lund-Tapiola, Havsvindsvágen 5 C., Finland. Annual 
meeting: Copenhagen, Denmark, May 29-June 1, 1968. 

SociEDAD EspaNoLta DE RaprioLocía v ELEcrTROLOGÍA 
MÉpniICAs v Mepicina NUCLEAR 
Secretary, Juan Gomez Lopez, Villanueva, 11, Madrid r. 
Meets every second Friday of each month, Oct. to June, 
inclusive, in Madrid. 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉTÉ SuissE DE RADIOLOGIE ET 
DE MÉDECINE NUCLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 
ASIA 


InpIAN RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
I Diakarta, Indonesia 

Iranian RADIOLOGICAL SOCIETY 
Secretary, Dr. Issa Yaghmai, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur- 
day of each month. 
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Abstracts of Radiological Literature 


ROENTGEN DIAGNOSIS 


ABDOMEN 


Bevan, P. G. Disease of the digestive system: 
intestinal obstruction. Brit. M. F., March 16, 
1968, Z, 687—690. 

'The author describes in great detail the mecha- 
nism of intestinal obstruction. He states that what- 
ever the cause, the blockage of the bowel at one 
point leads to distention of the proximal loop and 
that this initial distention is due to accumulation of 
gas, approximately 68 per cent of which is swallowed 
air. This results in increase in intraluminal pressure 
preventing water and cation resorption. After a criti- 
cal point, active intraluminal diffusion from the 
vascular space is effected. It is at this stage that the 
air fluid level picture in the plain roentgenogram is 
seen. The author calls this primary obstruction. 

If the process continues, secondary obstruction 
occurs loop by loop in the direction of the mouth and 
each loop forms a closed loop obstruction as it be- 
comes distended. At this stage, the relief of the pri- 
mary obstruction alone will still leave the patient 
obstructed unless the secondary obstruction is also 
relieved. 

The diagnosis of intestinal obstruction usually is 
suggested by the clinical history and physical exam- 
ination. The higher the obstruction the earlier the 
appearances of the typical symptoms of abdominal 
pain, vomiting, constipation, and abdominal disten- 
tion. Physical examination to evaluate the hydration 
state and detailed examination of the abdomen in- 
cluding the inguinal canal and rectal examination 
mav reveal vital information. The roentgenograms 
usually are suggestive of the site of obstruction. The 
author briefly mentions that contrast studies are 
usually contraindicated. 

Other modes of obstruction are also considered. 
Strangulation obstruction due to internal or external 
hernias, volvulus, or adhesions 1s described as an 
initial venous engorgement followed by arterial oc- 
clusion, bowel infarction, necrosis and peritonitis. 
Superior mesenteric arterial obstruction results in 
strangulation obstruction with an almost 100 per 
cent mortality. Closed loop obstruction as exempli- 
Red bv carcinoma of the distal colon with distention 
of the entire colon with an intact ileocecal valve 
could also lead to perforation and peritonitis. The 
last mode of obstruction is functional obstruction, 
wherein no anatomic blockage is present and the 
main defect lies in functional inactivity of the bowel. 

The author believes that obstruction high in the 
small intestine is the most serious, due to the fact 
that it is harder to diagnose and dehydration is more 
marked than in the lower small intestine or colon ob- 
struction.—Gonzalo T. Chua, M.D. 


Bevan, P. G. Disease of the digestive system: 
intestinal obstruction. Brit. M. J., March 23, 


i968; £, 751-753 


OCTOBER, 1968 


This is a follow-up article of the author on intes- 
tinal obstruction. He distinguishes 4 types of intes- 
tinal obstruction on the basis of the clinical patterns: 
(a) acute, (b) subacute, (c) chronic, and (d) inter- 
mittent. Acute intestinal obstruction usually is rapid 
and frequently becomes complete and irreversible. 
Operation is mandatory. Subacute obstruction is in- 
complete and clinically the general condition is main- 
tained without rapid deterioration. This is usually 
managed without surgery. Chronic intestinal ob- 
struction extends over a long period of time with 
only mild symptoms and signs. This is exemplified 
by Crohn’s disease or tuberculosis of the small intes- 
tine. An intermittent obstruction usually produces 
acute but short lived attacks over a period of years. 
This occurs in the presence of intraperitoneal adhe- 
sions. 

Identification of the pathologic causes is made 
only at laparotomy. However, presumptive diagno- 
sis could usually be made by the adequate history 
and physical examination. The causes of obstruc- 
tion are: (a) luminal—swallowed food or foreign 
bodies, gallstones; (b) mural—inflammatory and 
malignant lesions; (c) extrinsic—adhesions, volvulus, 
infiltration from lesions outside the bowel; and (d) 
functional—paralytic or spastic ileus. 

Management of intestinal obstruction has 3 ob- 
Jectives: relieving the obstruction; reversing the 
complications; and curing its cause. Conservative 
management is instituted without delay in every 
case and consists of gastric aspiration, intravenous 
fluid and analgesia. 

The author describes several methods of estima- 
tion of fluid and electrolyte balance. 

Morphine or demerol is the analgesic of choice. 

Finally, urgent surgery for patients with acute ob- 
struction or strangulation is indicated to relieve the 
obstruction and also to remove the cause. The author 
describes different methods of surgical procedure 
and different areas of obstruction.—Gonzalo T. Chua, 


M.D. 


DiEgrHELM, A. G., NickEL, WILLIAM F., JR., 
and Wantz, GEORGE E. Ulcerative colitis in 
the elderly patient. Surg., Gynec. & Obst., 
June, 1968, 726, 1223-1229. (From: The De- 
partment of Surgery, The New York Hospi- 
tal-Cornell Medical Center, New York, 
N. 1.) 

In the geriatric population, the symptoms of ul- 
cerative colitis are similar to those seen in the young- 
er age group but are less impressive. Also, because 
of the relative rarity of the disease in patients over 
65 years of age, the diagnosis is frequently delayed. 
Although primary colectomy with either ileostomy 
or ileoproctostomy is established as a successful form 
of surgical management in the younger patient, this 
has been frequently compromized in the geriatric 
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(over 65 years old) patients because of associated 
medical conditions and the inherent problems in 
caring for an ileostomy or colectomy in the popula- 
tion. 

[n a group of 10 patients over 65 years of age with 
ulcerative colitis, the 6 patients treated with a more 
conservative regime (either surgical or medical) 
died. The 4 patients who survived underwent either 
primary or delayed subtotal colectomy with ileos- 
tomy. 

The authors conclude that if surgery is indicated 
in the management of geriatric cases of ulcerative 
colitis, the diseased segment should be removed and 
primary colectomy with either ileostomy or ileo- 
proctostomy should be done. Certain instances of 
segmental ulcerative colitis may be treated with 
segmental resection.—Me/vyn Lieberman, M.D. 


Borookr, HoosHawNc, Jarre, BURTON, and 
GLIEDMAN, Marvin L. Pancreatic abscesses 
and lesser omental sac collections. Surg., 
Gynec. & Obst., June, 1968, 726, 1301-1308. 
(From: The Division of Surgery, State Uni- 
versity of New York, Downstate Medical 
Center, and the Kings County Hospital, 


Brooklvn, N.Y.) 


The clinical course of 74 patients with pancreatic 
abscesses and lesser omental sac collection due to 
acute pancreatitis is reviewed. The incidence of this 
complication of acute pancreatitis was 4 per cent in 
this series. 

Alcoholic pancreatitis was the leading cause of 
pancreatic abscesses and lesser omental sac collec- 
tions (54 per cent). Other causes were surgical pan- 
creatitis (15 per cent), blunt and penetrating ab- 
dominal injuries (14 per cent) and biliary tract dis- 
ease (10 per cent). An average age of 34, 43 and 55 
years was recorded for those patients with trauma, 
alcohol and biliary tract disease, respectively, as the 
cause of pancreatic disease. 

Roentgenographically £o per cent of the patients 
showed a left pleural effusion, a pressure defect on 
the posterior wall of the stomach or displacement and 
enlargement of the duodenal sweep. Roentgenograms 
of the abdomen gave a clue towards the diagnosis in 
25 per cent. 

A pathognomonic roentgenographic sign of lesser 
sac collection is the mottling and presence of gas 
bubbles in the gastrocolic or retrogastric region 
(seen in $ cases). 

The origin of the abscess was in the head of the 
pancreas in 48 per cent, in the body in 28 per cent, 
and the entire pancreas in 24 per cent. 

The over-all mortality rate of 57 per cent could be 
related to pancreatitis. The group with biliary 
tract disease had the highest mortality rate (85 per 
cent) and alcoholic addicts had the lowest (45 per 


cent).—A/an D. Belcher, M.D. 
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Moreau, Marceto H. Oleoperitoneografia. 
(Oleoperitoneography.) Rev. argent. radtol., 
Apr., 1968, 37, 63-76. (Address: Jefe del 
Servicio de Radiología del Hospital T. Avarez, 
Buenos Aires, Argentina.) 


In the procedure titled oleoperitoneography 3 ml. 
of iodized oil (40-50 per cent) is injected into the 
peritoneal cavity. The roentgenograms are taken in 
prone, supine, standing or lateral decubitus posi- 
tions. 

If there is no free fluid, usually irregular stains 
and linear shadows are shown in the prone position 
with very little change in the other positions. If 
fluid is present the images may appear in "drops" or 
more as a geometric figure rather than linear fig- 
ures and there is great mobility in changing posi- 
tions. 

Sometimes there is a clinical problem of differ- 
entiating very large cysts from large amounts of 
peritoneal fluid. With a large peritoneal effusion the 
iodized oil may descend below the upper limits of 
the symphysis pubis in the upright position. In the 
presence of a cyst it usually does not descend beyond 
the upper limits of the pubis.—CAar/es M. Nice, Fr., 
M.D., Ph.D. 

GENITOURINARY SYSTEM 
CoLLARD, M., Frevez, M., and DossocNwr, M. 

La pyélonéphrite xanthogranulomateuse. 

(Xanthogranulomatous pyelonephritis.) 7. 

de radiol.,d'électrol.et deméd. nucléaire, March- 

Apr., 1968, 49, 231-235. (From: Hopital 

civil de Charleroi et du Laboratorie d'Anat- 


omie pathologique de Loverval, Charleroi, 
l'rance.) 


Xanthogranulomatous pyelonephritis is a rare 
unilateral or bilateral variety of chronic pyelone- 
phritis, wherein calcifications are frequently present 
and the kidney volume is often increased (tume- 
factive pyelonephritis). About 50 per cent of the 
cases are infected with Bacillus proteus, although 
there is no proof of a specific relationship. 

In the authors’ case a coral-like calcific mass 
filled the left renal pelvis and calyces, and selective 
arteriography revealed an extreme hypoplasia of the 
arterial network, with almost complete disap- 
pearance of the parenchymatous cortex. After 
nephrectomy, histologic sections disclosed xantho- 
granulomatous masses projecting into the dense 
parenchyma. 

While it is tempting to consider that the lesion is 
an expression of a slowly developing ischemia, 
there is no particular vascular pathology which 
would support such an hypothesis.—-Frank A. 


Riebel, M.D. 


Fẹ 


THIND, GURDARSHAN S., Baum, STANLEY, and 
Kuropa, Koson. Transient renal-artery 
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stenosis: disappearance of the arteriographic 
and renal venous renin abnormalities. New 
England F. Med., May 30, 1968, 278, 1201- 
1203. (From: Departments of Medicine and 
Radiology, Schools of Medicine, Graduate 
Hospital of the University of Pennsylvania, 
Philadelphia, Pa. 19146.) 


A hypertensive 39 year old Negro was investi- 
gated by selective left renal and midstream abdom- 
inal aortography which showed a functional main 
renal artery stenosis. This was associated with in- 
creased renin activity in the renal venous efluent. 
Both the anatomic and functional abnormalities 
had disappeared completely when the patient was 
re-examined 14 months later. 

It is apparent that the arteriographic changes 
were secondary to short segment arterial contrac- 
tions rather than fixed renal artery disease. Such 
contractions usually occur in the main renal artery, 
and the narrowing is short, smooth, concentric, and 
uniformly tapered. They can be caused by the 
catheter, guide wire, contrast medium, and sudden 
rise in intraarterial pressure. They may be simply 
spontaneous. Differentially, one must consider 
renal artery thrombosis and embolism as well as 
intramural or periarterial hemorrhage.—74. H. Hall, 


M.D. 
MacDouaa tt, J. A., and Prout, W. G. Medul- 


lary sponge kidney: clinical appraisal and re- 
port of twelve cases. Brit. J. Surg., Feb., 
1968, 55, 130-133. (From: Royal Hospital 
and New Cross Hospital, Wolverhampton, 
England.) 


The authors point out that references to medullary 
sponge kidney by British investigators are few. 

An excellent review of the pathology, clinical pre- 
sentation, radiology, treatment and prognosis is 
given. An increasing awareness of the medullary 
sponge kidney should lead to a more frequent rec- 
ognition. 

The authors report 12 cases in detail. The prime 
symptoms in g of these was pain, which is at some 
variance with other authors.— George A. Miller, M.D. 


Kane, J. F. The effects of hypotension on rena 
function. Brit. Y. Surg., March, 1968, 55, 178— 
184. (From: Department of Surgery, Uni- 
versity of Liverpool, Liverpool, England.) 


The author reports the results of a combined clin- 
ical and experimental study of the effects of hypo- 
tension on renal blood-flow and function. 

The work is reported in two parts: (A) a clinical 
study on patients submitted for open-heart surgery 
under total cardiopulmonary by-pass; and (B) an ex- 
perimental study of renal blood-flow in the Rhesus 
monkey and rabbit. 

(A) A total of 37 patients undergoing full cardio- 
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pulmonary by-pass continuing for a minimum perio 
of go minutes was utilized for study. The surgery 
was undertaken for aortic valve replacement in 34 
patients, and for mitral valve replacement in 3. 
Blood and urine samples were taken at predeter- 
mined intervals throughout the operation and sub- 
mitted for analvsis. 

After the establishment of cardiopulmonary by- 
pass a moderate degree of hypothermia (28 29? C.) 
was induced prior to cross-clamping of the aorta and 
insertion of coronary perfusion catheters. 

Results. Analysis of preoperative blood and urine 
samples for electrolvte, urea and creatinine concen- 
trations was normal in all cases. During the oper- 
ative procedure, all patients continued to excrete 
urine up to the time of full cardiopulmonary by-pass. 
During the full cardiopulmonary by-pass phase the 
concentrations and rates of excretion indicated that 
active sodium conservation and potassium secretion 
were maintained. Renal angiography was employed 
as a means of observing the vascular changes during 
the periods of hypotension and shock. By measuring 
alterations in the caliber of the renal vessels and 
changes in dye transit time through the kidney, an 
assessment of marked alterations in renal blood-flow 
becomes possible. 

(B) Two monkeys (Macaca mulatta, average 
weight 3 kg.) and 4 Flemish rabbits (average weight 
2.3 kg.) were used in these experiments. A cannula 
inserted into the right carotid artery allowed con- 
tinuous arterial pressure measurements. 

Hypovolemic shock was induced by withdrawal 
of blood into a heparinized flask until the blood 
pressure fell to 40 mm. Hg. After an interval of 
30-60 minutes, angiography was repeated. 

Phenoxybenzamine  (dizenzyline-producing ad- 
renergic blockage on the alphareceptors) was then 
administered intravenously in dosage of 1.5 mg. per 
kg. to both monkeys and angiography was repeated. 

In the rabbit experiments, the removed blood 
was reinfused intravenously and arteriography per- 
formed after 1 hour. An immediate intravenous 
injection of phenoxybenzamine was then made and 
a further angiogram was taken. 

Results. After the induction of normovolemic 
hypotension in the monkey, only minimal increases 
in both renal arterial diameter and circulation time 
were observed. The results obtained during shock 
were similar in both groups of animals. The produc- 
tion of hypovolemic hypotension was accompanied 
by a decrease in the size of the kidney, intense renal 
vasoconstriction, and increases in circulation time 
between 75 and 150 per cent of the control values. 

Reinfusion of blood in the rabbits resulted in 
restoration of the circulation time to control values, 
but some degree of renal vasoconstriction persisted. 

Discussion. Hypotension is a frequently quoted 
cause of renal tubular damage. On consideration of 
the hemodynamic changes in hypovolemic shock, 
its role would seem to be greatly overemphasized. 
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Hypotension occurring in shock is merely a reflection 
of a fall in cardiac output and circulating volume. 
'The use of vasopressor agents under these conditions 
to restore a ''safe" blood pressure may diminish 
rather than improve tissue perfusion and enhance 
hypoxic damage. 

That adequate perfusion may be possible at low 
pressures gains further support from the experi- 
mental studies. Angiograms obtained after the in- 
duction of normovolemic hypotension demonstrated 
minimal alterations in the renal circulation when 
compared with the control values of renal artery 
diameter and dye transit time. In contrast, the in- 
duction of hypovolemic hypotension results in 
marked diminution of the renal blood-flow. 

These studies, although of short duration, also 
demonstrated persistent renal vasoconstriction after 
restoration of normal circulating blood volume and 
blood pressure. 

Conclusion. The authors postulate that prolonged 
subnormal renal blood-flow may occur after any 
episode of moderate or severe hemorrhage. The per- 
sistence of vasoconstriction under these circum- 
stances is a positive example of the sympathetic 
response acting as an independent noxious stimulus. 
This finding may help to explain some of the cases 
of acute renal failure occurring apparently inex- 
plicably after a transient period of rapidly corrected 
hypovolemic shock. Use of vasodilators as an adjunct 
to transfusion therapy may be the correct treatment 
for a patient in a state of hypovolemic shock.— 
Stephen N. Tager, M.D. 


Kyte, Vicror N. Renal artery aneurysms. 
Canad. M.A.F., Apr. 27, 1968, 98, 815-818. 
(From: The Port Arthur Clinic, Port Arthur, 
Ontario, Canada.) 


This report is prefaced by a brief history of early 
writing concerning renal artery aneurysms. 

One per cent of all aneurysms are said to be in 
the renal arteries, and in one series of 965 patients 
who underwent renal angiography, the incidence of 
aneurysms was 0.73 per cent. Fifty per cent of cases 
occur in the fifth decade, but cases have been re- 
ported from all age groups. The sex incidence is 
equal. 

The majority of renal artery aneurysms are as- 
sociated with atherosclerosis or fibromuscular 
disease. Twenty-five per cent of reported aneurysms 
have been calcified. A recent series has been reported 
in which 21 per cent of the renal artery aneurysms 
were false aneurysms due to trauma. The reported 
etiologic traumatic events include mass ligation of 
the renal pedicle, partial nephrectomy, lumbar dis- 
kotomies, and needle biopsies. Renal artery an- 
eurysms may also be due to or associated with poly- 
arteritis nodosa, neurofibromatosis, tuberculosis, 
syphilis, renal cell carcinomas, and subacute bac- 
terial endocarditis. Only the aneurysms located at 
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bifurcation points should be considered congenital. 
Primary dissecting renal artery aneurysms can occur 
and are associated with pre-existing hypertension in 
many cases. Most dissecting lesions occur in elderly 
patients and are often associated with renal infarcts. 
Including the report being reviewed, there are only 
20 cases of intrarenal aneurysms reported in the 
literature. 

The most common presenting symptom of renal 
artery aneurysm is pain and the most common sign 
is hematuria. Abdominal mass, bruit, hypertension 
are other clinical findings associated with this lesion. 
The diagnosis 1s usually made roentgenologically 
with “signet-ring” calcification medial to the renal 
hilus being a common finding. Aortography must be 
performed for confirmation and preoperative eval- 
uation. Intravenous and retrograde pyelography 
should be done because of the frequent occurrence 
of calyceal distortion with the intrarenal lesions. 

Rupture of the renal artery aneurysm is not un- 
common and frequently fatal. Recent reports have 
indicated that all symptomatic renal artery aneu- 
rysms should be surgically removed, but that uncal- 
cified lesions less than 1.5 cm. in diameter may be 
followed with periodic re-evaluation. 

Many procedures have been used in the surgical 
correction of renal artery aneurysms, and these in- 
clude: (1) end-to-end anastomosis; (2) vein grafts; 
(3) re-implantation of distal artery into the aorta; 
(4) splenorenal anastomosis; and (5) prostheses. 
Partial nephrectomy is successful in treating intra- 
renal lesions. Total nephrectomy, however, becomes 
necessary for some renal artery aneurysms, both 
intra- and extrarenal. 

A case of intrarenal aneurysm is reported in de- 
tail.—Fohn Knote, M.D. 


Marry, A. Bouros Er. Clinical aspects of the 
bilharzial seminal vesicles. Kasr el aini 7. 
Surg., Oct, 1967, ó, 285-292. (Address: 
Urology Specialist, Tanta General Hospital, 
Tanta, Egypt.) 


Bilharziasis of the seminal vesicles is common in 
Egypt. 

The author describes the clinical pathologic symp- 
toms and signs accompanying the disease, and pre- 
sents roentgenographic reproductions to illustrate 
certain points of interest. 

The complications of this disease require some 
surgical treatments to relieve the pressure pro- 
duced by the seminal vesicles in the late stages of the 
disease. The author discusses four types of surgical 
exposure.—David C. Aiftine, M.D. 


SKELETAL SYSTEM 


Tsucuiya, Kokicui and Kamesuira, Kixuo. 
Hereditary osteo-onychodysplasia: report of 
a family. Yokohama M. Bull., Oct., 1967, 78, 
183-191. (From: Department of Ortho- 
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pedic Surgery, Yokohama University School 
of Medicine, Urafune-cho, Minami-ku, Yoko- 
hama, Japan.) 


Osteo-onychodysplasia is a sydrome genetically 
linked with the ABO blood group locus and char- 
acterized by dysplasia of finger nails, elbows, patel- 
lar, and iliac bones. Synonyms include nail-patella 
syndrome, arthrodysplasia, onychochondrodyspla- 
sia, onycho-arthro-osteodysplasia, Turner's syn- 
drome, and iliac horn syndrome. 

Four cases in one family are reported. 

The striking roentgenographic characteristics 
include cone-shaped bony prominences on the lateral 
aspects of the iliac wings, termed iliac horns. At 
the knees one finds patellar hypoplasia and genu 
valgum. The elbows show hypoplasia of the lateral 
humeral condyle, capitulum humeri and capitulum 
radi. There are many other occasional anomalies 
but clubfeet very often are present.—.4. H. Hall, 


M.D. 


HriLBvuTH PacHeco, Juan R. E., and Mora, 
Hecror E. Aspectos clinico-radiológicos del 
sindrome de Hurler. (Clinico-radiologic as- 
pects of Hurler's syndrome.) Rev. argent. 
radiol., Apr., 1968, 37, 77-84. 


This article is essentially a review of the known 
clinical, pathologic and roentgenographic findings in 
Hurler's disease. There is quite an elaborate de- 
scription of all the various parts of the skeleton. 

Six males were studied by the authors in detail 
and the clinical and roentgenologic data are recorded. 


—Charles M. Nice, Yr., M.D., Ph.D. 


CAVALLINO, ROBERT and Grossman, HERMAN. 
Wilson's disease presenting with rickets. 
Radiology, March, 1968, 90, 493-494. (Ad- 
dress: Dr. Herman Grossman, The New York 
Hospital-Cornell Medical Center 525 East 
68th Street, New York, N. Y.) 


Wilson’s disease is an inherited disorder of copper 
metabolism. 

A case 1s reported, showing the possible mimicking 
of rickets that may occur with Wilson’s disease. 
The copper-induced nephropathy can cause meta- 
bolic bone disease with changes indistinguishable 
from rickets in children. Therefore, Wilson’s disease 
should be included in the differential diagnosis of 
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rickets in the young child in order to detect this 
disease early for proper management.—7. G. Babin 


M.D. 


> 


NERVOUS SYSTEM 


AMACHER, A. L., Drake, C. G., and McLaca- 
LIN, A. D. Anterior sacral meningocele. 
Surg., Gynec. © Obst., May, 1968, 726, 986- 
994. (From: The Department of Surgery and 
Neurosurgical Unit, Victoria Hospital and 
University of Western Ontario, London, On- 
tario, Canada.) 


l'ive patients with anterior sacral meningocele are 
described. An analysis of 75 patients from the world 
literature is also included. 

Partial or complete agenesis of the anterior sacral 
elements is the underlying defect and other midline 
congenital defects of fusion such as spina bifida, 
bicornuate uterus, double vazina and uterus, and 
bilateral or unilateral renal pelvis may be present. 
The sacral deformities are total agenesis of the sa- 
crum and coccyx, partial agenesis of the sacrum and 
coccyx, and deformity of sacral vertebrae. 

Roentgenograms of the sacrum may show anterior 
crescentic defects, expansion of the cortical surfaces 
indicative of an intrasacral cyst, or enlarged sacral 
foramina similar to those seen in neurofibromas of 
the sacral roots. Such observations on routine 
roentgenograms should suggest the possibility of an 
anterior sacral meningocele. Depending on the size, 
there may be evidence of pressure on surrounding 
organs such as the rectum, the uterus, the bladder, 
and the ureters. 

Definitive diagnosis is made by myelography 
which indicates the size and extent of the sac as 
well as the diameter of the neck. Occasionally, free 
communication does not exist between the sac and 
the spinal subarachnoid space. 

The lesions are not innocuous as indicated by the 
deaths of 4 patients described in the previous lit- 
erature with spontaneous rupture into the rectum, 
and the deaths of 2 patients due to complications of 
fetal extraction because of an obstructed labor. 

These deaths prompt the consideration whether 
surgical treatment of anterior sacral meningocele 
with abdominal excision is a safe and effective pro- 
cedure in selected patients.—E. Nicholas Sargent, 


M.D. 





Progressive bilateral numbness, weakness, and muscle atrophy that had been 
present for one year in a 57-year-old man was attributed to cervical spondylosis. A 
myelogram using 12 cc of PANTOPAQUE [Iophendylate Injection] demonstrated 
the large defect at the level of the fifth cervical vertebra. The patient recovered 
rapidly following laminectomy and posterior decompression of the fifth cervical 
spinal nerve roots. 


“PANTOPAQUE” is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized in the laboratories of Eastman Kodak 
Company and prepared as the myelographic contrast medium 
lophendylate Injection, U.S.P., by Lafayette Pharmacal Inc. The 
trademark serves to indicate to the radiologist continuity of experi- 
ence in the manufacture of this medium. 





Good ol’ reliable Sanchez-Perez. 
But you can’t expect it to last forever. 


Does the 
drawer still 
fit exactly? 


Sure, the drive 
chain assembly 
still works, but 
maybe not as well 
as it should. 


Your technician 
might save some 
time if all your 
cassettes were 
lined-up, adjusted 
and polished— 
maybe even 
replaced. 


And after all, 
couldn’t the old 
girl use a new 
coat of paint? 


Isn’t the 
receiving 
compartment 
lining wearing 
a little thin 

by now? 


A complete 
rewire job 
couldn't hurt, 
could it? 


If you want us to, 
we'll add a new, 
improved locking 
system that 
doesn't take away 
a bit of your 
mobility. 


If you don't 
already have 
one, maybe 
you should 
add that 
Model 400 
programmer 


now. 


Isn't it about time for an overhaul? After all, time 
takes its toll—even on such a simple, dependable 
design as the Sanchez-Perez Automatic Seriograph. 
Maybe you should send yours back to our factory— 
and have it reconditioned by the people who built it 
all those years ago. 

For about a third of the cost of a new one (and that 
wasn't much in the first place, remember?), we'll run 
your Sanchez-Perez back down our assembly line— 
replacing, repainting, rewiring, renewing. 

And deliver it back to you in like-new condition. 


THE AUTOMATIC SERIOGRAPH CORPORATION 


DIVISION OF LITTON INDUSTRIES 
Des Plaines, Illinois 60018 


Box 5000 


How long will it take? About eight weeks. If you 
can't do without a changer for that long, we'll rent 
you another Sanchez-Perez while yours is being rebuilt. 

Of course, we'll be glad to sell you a brand new 
Sanchez-Perez Automatic Seriograph, if you prefer 
(we've made a few improvements, and it's still the 
only film changer in its price class). You probably 
can use an extra one to do bi-plane work. But no tell- 
ing how long the one you've got will last. 

If you keep sending it back to us every twenty 


years or so. 
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is the only photographic chemical manufacturer with two developers for 


90-second film processing . . 


. and a unique program that frees your processor to 


achieve films with the diagnostic quality of manually developed films (5 minutes at 
68°F). What do we mean when we talk about quality? The quality we strive for is — 
the achievement of more information on the film to assist the radiologist in the great 
modern detective story that diagnostic film reading is a part of. Hunt chemistry, service 
and technical knowledge can be one of the most important factors in increasing your 
department's film production and achieving consistent films with the ultimate in 
sensitometric response. Here are the details on the products and services of the Hunt 
Flexible Processing Program for 90-second X-ray film developing. 


Hunt Premium 90/90 Developer & Replen- 
Isher is a premium ultra-concentrated chemistry for 
those hospitals who wish to process their 90-second 
medical x-ray films at the lowest developer temper- 
ature of any product offered to the profession. The 
use of Hunt Premium 90/90 eliminates the need for 
water injection systems and wetting rollers in auto- 
matic processors and is recommended where temper- 
ature control of incoming water of above 90°F is a 
problem. Premium 90/90 provides the highest con- 
trast and maximum density available of any chem- 
istry on the market. 

Hunt Ultra-Mat Developer and Replenisher 
is a universal chemistry for processing medical x-ray 
films at the normal temperature ranges accepted for 
all time cycles — 90 seconds, double capacity and 7 
minutes. This versatile chemistry has been formulated 
to meet the speed and contrast levels inherent in the 
film of your choice with the lowest possible fog 
level. Ultra-Mat Developer and Replenisher contains 
the unique new molecule Cycon (Patent Pending) 
created by Hunt research to more effectively solu- 
bilize the chemical ingredients. The benefits of a 
considerably smaller (half the size), lighter (less than 
two-thirds the weight) package, designed to dispense 
easily in a fraction of the time formerly required, 
creates a foolproof mixing procedure for X-Ray 
Departments. 

Both Premium 90/90 and Ultra-Mat offer you the 
benefits of a lighter, smaller package, designed to 
dispense easily in just a fraction of the time formerly 
required — a foolproof mixing procedure. 


When a Hunt sales representative or service en- 
gineer is helping your department, you can rely on 
his objective analysis of your problems. He knows 
you can achieve outstanding results with all 90- 
second films on the market by using Hunt chemistry. 
This flexibility is the basis of his review of your 


department's needs... and his recommendation to 
use either Premium 90/90 or Ultra-Mat. Hunt analysts 
will help determine how you can achieve more infor- 
mation from your films. Whether your objective is 
high contrast radiographs or films with longer tonal 
range ... Hunt has the answer. Since our business is 
the manufacture of processing chemistry only and 
with no vested interest in films — you can rely on the 
objectivity of Hunt recommendations. 


Both Ultra-Mat and Premium 90/90 are the result 
of a dramatic development made possible in the 
Hunt Research Laboratory — Cycon. It is a new syn- 
thesized molecule that breaks the solubility barrier 
present in conventional powder farmulations and 
even in liquid developers. Cycon makes it possible 
for the first time to manufacture a true ultra-concen- 
trated liquid developer that comes in a smaller 
lighter package. We know doctors don’t lift cubi- 
tainers — but the reason we miniaturized Hunt Pre- 
mium 90/90 and Ultra-Mat was to eliminate the 
age-old question, "Was the chemistry mixed right?" 


Hunt guarantees (with proper adjustment to your 
processor and with the use of Hunt Chemistry) that 
you can achieve archival 90-second films equal or 
superior in density and contrast to films processed 
for 5 minutes at 68°F. To prove this Hunt recom- 
mends that you have 2 films exposed under identical 
conditions. Take one film and hand develop for 5 
minutes (along with a Hunt test strip) at 68°F to 
achieve your ideal sensitometric response. A Hunt 
service engineer will then produce a film (in 90 
seconds) with the same sensitometric response as 
the film manually developed for 5 minutes at 68°F. 
This is accomplished after a Hunt Processor Tune-up 
by Hunt service engineers. 

Hunt also has the knowledge to give your pro- 
cessor even greater flexibility. For example — let's 





suppose a hospital x-ray department wishes to run 
90-second films and mammography films. By a push- 
button controlled adjustment to time and tempera- 
ture, Hunt service technicians can show you how to 
run both 90-second films and non-screen films 
through the same processor. 


5. 60 SECOND PROCESSING 

For hospitals that require a film capacity above 
and beyond the processing speeds of 90 seconds, 
Hunt service engineers can convert certain proces- 
sors to 60-second processing. By increasing the speed 
you can produce up to 50% more films (with an 
average of 525 films per hour out of an M-6). 


6. HUNT OFFERS A "PROCESSOR TUNE-UP" 

AND "SAFETY CHECK" 

The Hunt package of product and service includes 
a unique maintenance program of machine adjust- 
ments and safety checks. Hunt can zero in your 
processor to produce consistent results. The films 
you automatically process will be the equivalent of 
hand processed films in terms of fog, speed, average 
contrast and top density. 

Hunt service engineers will perform a series of 
safety checks of your dark room facilities, safe lights 
and any other possible procedural malfunctions that 
could affect film processing. By removing the vari- 
ables Hunt puts you further along the path toward 
the most information on the viewbox. 


7. HUNT PERFORMS THE “PEACE OF MIND" 
TEST 
Hunt will also perform residual thiosulphate tests 
according to ASA standards to determine the archival 
quality of the film a hospital x-ray department is 


producing. We feel it offers radiologists peace of 
mind because they know that any films stored for 
future diagnostic reference will remain clean and 
clear. 


8. HUNT KEEPS YOUR PROCESSOR CLEANER 

In the cleanliness of its products and the thorough- 
ness of its maintenance service, Hunt will keep your 
processor in top working condition. — Hunt service 
engineers perform a regular schedule of machine 
clean-ups and check-ups that promotes longer ma- 
chine life. 


9. HUNT HAS BACK-UP SUPPORT 

Behind the research and manufacture of Hunt 
products is a staff of trained trouble-shooting chem- 
ists. Operating from the Hunt Technical Services 
Laboratory they offer Hunt customers quick action 
to assure complete consistency, efficiency and ac- 
curacy of processing in your department. 


10. HUNT OFFERS A SILVER RECOVERY 
PROGRAM AT THE SOURCE 

Now you can have direct control of silver recovery 
by the installation of a maintenance-free unit. It is 
put into operation in a matter of minutes, requires no 
electrical hookup, operates continuously and noise- 
lessly — and puts the control in the hands of each 
hospital x-ray department. 


We would welcome the opportunity to demon- 
strate in your own department the full capabilities of 
the Hunt Flexible Processing Program. For a complete 
"no obligation" analysis of your department's pro- 
cessing needs fill in and mail attached card. 


PHILIP A. HUNT CHEMICAL CORPORATION 
Palisades Park, New Jersey 07650 


YES, I’m interested in a processing survey of our X-Ray Dep 
ment's needs. Please have your sales representative call. 


Name Position 
Hospital 


Address 


—-—------2--2----------—4 


City 





PHILIP A. HUNT CHEMICAL CORPORATION 
Palisades Park, New Jersey * Branches in Principal Cities © PHILIP A. HUNT COMPANY (CANADA) LTD. 


FIRST 
CLASS 
Permit No. 88 
Palisades Park, N. J. 


USINESS REPLY CARD 


o postage stamp necessary if mailed in the United States 


Philip A. Hunt Chemical Corporation 
Palisades Park, N. J. 07650 


Attn: X-ray Division 





Hoenben 


The preferred bowel evacuant — senna, purified and biological! 
assayed. 


Clinical studies, based on 385 in-patients and 105 out-patients 
establish the efficiency and safety of Roenten as a bowel evacuant 
prior to x-ray. 


A Choice in Cleansing Strength ta Meet Variable Patient Co 


2-Gram Strength «am : r E >, E i - 3 | R^ i 3-Gram S iran 


® í 
Hoenben 2 |^..." ewes“ Roenten 
ONE DOSE ONE DOSE ; 
Contains 2 grams of the active in- Roenten H | Contains 3 grams of the active 
ant xdi 


A S gredient Senna (Cassia angustifol 
Reavis, et all to be comparable to mpt | xi : per 30 gram (1 oz) dose for t 
castor oil in effectiveness as a bowel of : thec : more difficult cleansing proble 
cleansing agent for radiography under te: '? isi Ti and variable control conditions. 
hospital control conditions. m— " o dd | 


s BRAYTEN 
IReavis, Charles W., et al, RADIOLOGY, BRAYTEN co. PHARMACEUTICAL CO- 
PHARMACEUTICAL 


1961 78, 959, Se PARES. GIESE AUI Chattanooga, Tennessee 37 attanooga, Tennessee 37 


DEPENDABLE ACCEPTABLE 


Purified and Biologically Assayed, Cassia 
Angustifolia Senna Leaflets Blended with 
Agreeable Flavoring Agents. 


Usual Dosage Directions 


Contents of one container (30 Grams) 
stirred into three-quarters glass of milk 
or water, as physician directs, to make 
a readily acceptable drink which is the 
adult dose. Children take proportion- 
ately less as directed by the physician. 
When used to prepare for diagnostic 
X-ray it is taken at 4 or 7 P. ; 
(NO SUPPER) of the preceding day as 
directed. 


CAUTION: Not to be used when abdomi- 
nal pain, nausea, vomiting or other 
symptoms of appendicitis are present. 


IMPORTANT: Frequent or prolonged use 
of this preparation may result in de- 
pendence on laxatives. 


Samples for clinical evalua- 
tion supplied on request. 


DEPENDABILITY: The preferred bowel evacuant, senna, puri- ACCEPTABILITY: The contents of one 30 gram conta 

fied and biologically assayed — in suspension assures rapid (1 oz.) stirred in 34 glass of water or milk as you prg 

and complete bowel evacuation. Incidence of continuing makes an attractive, really pleasant tasting, choco 

spasm reduced. ae ae suspension — invites the patient to t 
e full dose, 


Sirayten PHARMACEUTICAL CO. 


Division of Chattem Drug & Chemical Company 
1715 W. 38th St., Chattanooga, Tenn. 37409 





Pho/Gamma Man 


Visualized, digitized, analyzed, in vivo, by the Pho/Gamma" Ill Scintillation Camera. 
Now available, an even greater selection of data recording and analysis options. 





The picture becomes clearer. Replete with 
information. Wider in scope and applica- 
tion. Easier to obtain. 

The picture focuses on man, his body 
organs and processes. Its purpose is the 
investigation of those organs and proc- 
esses with radioisotopes in vivo. 

And now, even more than before, the 
instrument that clarifies, enlarges, and 
simplifies these investigations is the Pho/ 
Gamma Scintillation Camera. 

Initially, Pho/Gamma Man was visual- 
ized on Polaroid prints—the now-familiar 
scintiphoto, which is still an indispensable 
recording medium for Pho/Gamma studies. 

But today, much more is available. Ex- 
ample: sequential scintiphotos with our 
new 35-mm automatic time-lapse camera. 
As fast as three frames per second. 

And 1-to-1 “life-size” scintiphotos, as 


d * ^» €--"* 9*5 


produced by our new Photo/Scope Ill 
attachment. 

Beyond photographic visualization, there 
is now analog readout on chart paper. 
From our dual-channel ratemeter/dual-pen 
recorder. An especially useful combination 
for renal studies. 

Similarly ideal for renal studies—our 
new digital printer. It gives high-speed 
digitized printout of accumulated counts 
vs. time for both scalers in the Pho/ 
Gamma console. 

And for a new and different look at 
Pho/Gamma Man, our magnetic tape sys- 
tem. For recording of clinical data, on 
magnetic tape, for later analysis. With an 
off-line computer perhaps. Or for playback 
and manipulation on our multidimensional 
analyzer. 

The inevitable conclusion thus presents 


itself: only the Pho/Gamma III Scintillation 
Camera can offer so wide a choice of data 
recording and analysis. 

For all the facts supporting this conclu- 
sion, call your Nuclear-Chicago sales en- 
gineer. Or write to us. 8-245 


Research in the Service of Mankind 


OQ 


NUCLEAR-CHICAGO 
CORPORATION 


A SUBSIDIARY OF G. D. SEARLE & co. 


307 East Howard Avenue 
Des Plaines, Illinois 60018, U.S.A. 


Donker Curtiusstraat 7, Amsterdam W. 





When not seeing 
Is believing 





The full, precise visualization 
of the gallbladder obtained 
with TELEPAQUE is diag- 
nostically important because 
it assures you that there is 

no cholecystic pathology. The 
fact that TELEPAQUE pro- 
duces a complete picture 
proves the gallbladder isfunc- 
tioning normally. 

But more important is the fact 
that TELEPAQUE, unlike 
other contrast agents, does 
not passively fill a diseased 
gallbladder. Thusthe absence 
of visualization can be of 
great significance suggesting 
disease. With TELEPAQUE it 
is possible to detect those 


patients with cholecystitis 
who do not have stones. This 
indication of pathology, that 
TELEPAQUE provides adds to 
its reliability for diagnosis. 


Useof TELEPAQUE ina series 
of 1,207 cholecystographic 
examinations resulted in 
98.396 diagnostic accuracy.* 
TELEPAQUE has been used in 
more than 33,000,000 
patients...an unparalleled 
record of tolerance. 


Contraindications: Contraindicated in ad- 
vanced hepatorenal disease or severe impair- 
ment of renal function, severe gastrointestinal 
disorders that prevent absorption, and in pa- 
tients sensitive to iodine compounds. 


Precautions: Severe, advanced liver disease 
may interfere with metabolism of Telepaque, 
thus increasing the excretory load on the kid- 
neys. Although renal difficulty has rarely been 
attributed to Telepaque, renal function should 
be assessed before cholecystography in 
severe, advanced liver disease, and renal out- 
put and hepatic function should be observed 
for a few days after the procedure. Patients 
with preexisting renal disease should not re- 
ceive high doses of cholecystographic media. 
Possible renal irritation in susceptible indi- 
viduals could result in reflex vascular spasm 
with partial or complete renal shutdown. Cau- 
tion is advised in patients with coronary dis- 
orders, especially those with recent symptoms 
of coronary artery disease. Blood pressure 
should be observed after administration of 
cholecystographic media to these patients. 
Elevation of protein-bound iodine for several 
months and false positive urine albumin tests 
(for three days) may occur after ingestion of 
iodine-containing cholecystographic media. 
Adverse Reactions: — Most reactions are mild 
and transitory; serious side effects are very 
rare. Gastrointestinal effects (diarrhea, 
cramps, nausea, vomiting) are the most com- 
mon. Usually the diarrhea consists merely of 
a few loose stools, although in isolated cases 
it may be severe. A mild stinging sensation 
during urination may occur, and rarely, skin 
rash, urticaria, pruritus, and flushing. One 
case of thrombocytopenia has been reported 
in a patient with a history of conjunctival 
hemorrhages. Subjective complaints have 
been: dryness of throat, burning on swallow- 
ing, heartburn, sore throat, dizziness, and 
headache. 

Usual Dosage: 3 Gm. (6 tablets) at night after 
a light supper. 

Supplied: Tablets of 500 mg., envelopes of 


6 tablets, boxes of 5 and 25 envelopes; also 
bottles of 500. 


*Baker, H. L., Jr., and Hodgson, J. R. (Mayo Clinic and Mayo Foundation): Further studies on the 
accuracy of oral cholecystography, Radiology 74:239, Feb., 1960. 


Tel e a u e in oral cholecystography and cholangiography 
D q provides the accurate picture with excellent tolerance 
brand of lopanoic acid 
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New Westinghouse 

imaging system can be 
modified easily-with 
interchangeable components 
to meet your future needs. 


At left is the new Westinghouse IS-50 
imaging system installed in a 
300-bed community hospital. We call 
it CXR—Compatible X-Ray. Because 
every component in the system is 
compatible with all the others. 

This means you can interchange, 
modify or add new components 
whenever your needs change. Take a 
look at this imaging system, with its 
optically equivalent three-port 
distributor. 

Your present needs may call for a 
vidicon camera and a 16mm cine. 
But at any time you can add the 
exclusive Westinghouse 70mm 
rapid sequence spot film camera. Or 
35mm cine — regular or high speed. 
Or an orthicon or plumbicon TV 
camera. Or image storage. 

Every one fits. And any or all can 
be added anytime. 

The same system-wide 
compatibility applies to tables, spot 
film devices, and generators. For 
example, solid state single phase and 
three phase controls can be upgraded 
to higher capacities for expanded 
requirements. 

There's something else. When you 
buy a Westinghouse x-ray system, 
you never have to go it alone. Our 
sales and service organization has 
500 people in 52 locations in the 
U.S. and Canada on call continually 
to meet your needs. Call your 
representative anytime. Westinghouse 
X-Ray Division, 2519 Wilkens Avenue, 
Baltimore, Maryland 21203. Tem 


You can besure...ifit's 


Westinghouse 





The Sagittaire is an advanced high en- 
ergy linear accelerator designed for deep 
radiation therapy. It is now being pro- 
duced by Raytheon for use in the U.S.A. 
and Canada. 

Currently operating successfully in 
France, the Sagittaire was originally de- 
veloped by CSF (Compagnie Generale de 
Telegraphie Sans Fil of Orsay, France). 

Sagittaire is capable of delivering both 
electrons and X-rays at high energies and 
high dose rates over large area, high qual- 
ity fields. 

For complete information about the 
Sagittaire high energy linear accelerator, 
write: Raytheon Company, Accelerator 
and Equipment Operation, 190 Willow 
Street, Waltham, Massachusetts 02154. 


Sagittaire- 
a high energy linea 
accelerator fo 


Specifications— 
X-ray energy: 7 to 28 MeV 
Electron energy: 7-32 MeV 
Dose Rate: Variable to 400 rads/ min. 
Field Sizes: Min. 2x2 cm to Max. 40x40 cm 
Field Flatness: X-ray < +3.0% 
Electron < +5.0% 
FSD: 105 cm + 0.2 cm to Isocenter 
Focal Spot Size: 3mm, minimum penumbra 
Rotation: 360° isocentric 





AGA Introduces Color Thermography 


AGA Color Thermography now offers 
accurate, quantitative analysis of 
thermal patterns. Each color in the 
thermogram represents an area of 
identical temperature corresponding 
to the calibrated color scale on the 
bottom of the picture. Relative to this 
reference scale degree differentials 
can be precisely determined with an 
optimum accuracy of .2°C. The 
illustrated thermogram of a woman's 
torso shows 1°C differential between 
colors, white being the highest 
temperature level. 

We believe this innovation will 
further advance thermography as 

a practical diagnostic tool. 


thermovision 


3 For further information, contact: 


! AGA f AGA Corporation 


550 County Avenue 
Secaucus, New Jersey 07094 
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Continuous scan thermography 


Thermovision the first 
and only thermographic 
equipment offering 
continuous image 
presentation for 
medical diagnosis. 


The thermal pattern of the 
human body appears live on a 
5” TV-like cathode ray tube on 
which the brightness level in the 
picture corresponds to the 
temperature level in the heat 
pattern. Measurements of 
temperature differentials are 
instantly recorded by 
superimposed isotherms with an 
accuracy of .2* C. 

For the medical record of the 
patient, a photograph of the 


thermal pattern can be taken in 
seconds on Polaroid, 35mm or 
70mm film. 

How do those features of 
AGA Thermovision improve 
current procedure of producing 
thermograms? 


1 The time a patient has to spend 
in front of the instrument is 
reduced to a minimum, due to 
Thermovision's rapid scan of 16 
frames per second. Particularly 

in large scale screening 
programs, this is a vital cost factor. 


2 Sensitivity range, brightness 
level and contrast can be adjusted 
to optimum settings before a 
photograph of the image is taken. 


3 Accurate quantitative data can 
thermovision 


be recorded on film in form of 
superimposed isotherms which 
make secondary analysis of 
thermograms unnecessary. 


4 Transient temperature 
conditions like those resulting 
from artificial cooling of certain 
areas, or from the injection of 
drugs which affect the heat 
pattern temporarily, can be 
observed while the thermal 
changes occur. 

We believe the versatility 
and efficiency of AGA 
Thermovision will help improve 
thermographic techniques and 
open doors to new approaches in 
thermography. 


For further information, contact: 


AGA Corporation 


AGA | 


thermovision 


550 County Avenue 
Secaucus, New Jersey 07094 
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Senograph 


A new concept for specialized mammog- 
raphy examinations .. . now delivers better 
information faster. 


Increased dynamic range pays off — in 
exceptional contrast enhancement by 
making slight opacities conspicuous — in 
diagnosis with a greater confidence factor. 


More patients can be examined more 
thoroughly during any fixed time period — 
because of simplified and precise position- 
ing capability, which encourages patient 
co-operation. 


~ 


For Details — Contact Local Dealer or Write Us 


KELEKET 2 


BP A Division of Laboratory For Electronics, Inc. KELEKBD 


WALTHAM, MASSACHUSETTS 02154 
Medical X-ray Equipment +» Accessories and Supplies 
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People who dont like barium sulfate 


BAROSPERSE 


BARIUM SULFATE U.S.P. FORMULATION 


For Gastrointestinal X-ray Diagnosis 
Caution: Federal (U.S.A.)law prohibit 
dispensing without prescription. 
Diagnostic Reagent, 

For Professional Use Only 

Contains Approximately 97% 
Barium Sulfate U.S.P. 


Mallinckrodt Chemical Works e 
St. Louis, U.S.A. « Montreal. Can? 


...love Barosperse 





Exacting radiologists love it 
because of its diagnostic excellence 
and more rapid procedure time 


Barosperse is by far the most used of all barium sulfate formulations. Used for upper or 
lower G.I. series, this superior formulation has the fluidity and coatability to fill in the 
folds and convolutions of the entire G.I. tract... the greater opacity to provide sharp, 
accurate, readable visualizations in radiograms . .. and the rapid transit necessary to 
speed barium procedures. Superior small bowel delineation is frequently accomplished 
in as few as 30 minutes. 


Reluctant patients do...because of its 
“Milk Shake” palatability and 
faster examination time 


Smoother texture, creamier consistency and greater palatability reduce patient reluc- 
tance and help eliminate “gagging.” The rapid movement of Barosperse through the 
G.I. tract speeds the radiologic procedure, saves time and soothes patient edginess. 
The pleasant flavor of Barosperse gives patients an upper G.I. barium meal that is 
close to a "milk shake" in flavor and consistency. 


Small wonder Barosperse is a preferred barium formulation by both radi- 
ologist and patient. 


BAROSPERSE 


(Barium Sulfate U.S.P. Formulation) 


Available in individualized single-dose bottles, disposable enema units and in bulk. 


Caution: Federal law prohibits dispensing without a prescription. 


Mallinckrodt 4 


Mallinckrodt Pharmaceuticals * St. Louis, Missouri 63160 





No two ways 
about redi-FLOW 


(Gastric Suspension Barium Sulfate 30% w/w) 


It’s the pre-mixed, <a o 


. " Tren Rens 


re: 


stable suspension, P SASTRIC USPENSION ~ 
- ledi-HOW' _— 


BARIUM SULFATE 30* wit | 


barium-in-a-can 
that’s always the same. 


No two ways about redi-FLOW™ (gastric suspension barium sulfate). 
It’s always the same. Get the picture you want with the same patient at 
later dates because there is no variable factor in the mixing. redi-FLOW™ 
(gastric suspension barium sulfate) is always ready-made to the same 
specifications of barium content, of specific gravity, of suspension, and 
of flow properties—day after day, month after month. It flows evenly 
as a consistent, uniform column of barium—doesn't precipitate in gastric 
fluid or small bowel. Your patients will love it. But don't let them have 
all the pleasure... try some yourself . . . it tastes like a good milkshake. 
No two ways about it—-you'll like redi-FLOW™ (barium sulfate sus- 
pension). Test it by using the coupon. 


FLOW PHARMACEUTICAILS, Inc. 


\ 
|! Subsidiary of Flow Laboratories, Incorporated 
í 1070 Linda Vista Avenue, Mountain View, California 94040 


Send redi-FLOW™ (gastric suspension barium sulfate , 30% w/w) samples to: 


Name 
Address 


City 





Save His 
Valuable 


Now at the push of a button, a busy radiologist can diagnose 200 
14x 17 x-rays at one sitting without ever once touching them. 


RAD Fano COPE Model 200 


cs aq x er. PATEN 


High Capacity Mass Film Viewer 


e 50 viewing frames. Holds two-hundred 14x17 films. © Has built-in indexed jacket storage area. 
e Preloadable by film clerk saving radiologists time. e Has many, many other wanted features such as: 
e Films stay available for instant viewing and review. hand and remote foot controls, variable high and 


e Requires minimum amount of floor space. Only low speeds, slide-out shelves for writing and for 
13.8 square feet! dictating equipment. 


e Completely mobile! Weighs 565 pounds yet rolls * Best of all is its low price! Much lower than other 
easily from room to room on heavy duty casters. viewers that do not have all of these plus features. 


For additional information and the name of your nearest dealer write to: 


P. O. Box 19164, Houston, Texas 77024 
or call collect: 713-468-3230 





30 YEARS Zu ced ut buyers of 
USED X-RAY FILM 


e We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


€ We remit in advance if desired, or promptly after receipt 
and tally of the value. 


€ Write for prices today. We will send shipping labels and 
direct your film to our newest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, Ill. 


AT LAST! 
A RADIUM CART DESIGNED FOR 


Reduced handling time 
Shielded storage drawer. 
Convenient working height. 
In-cart disinfection with zephiran chloride. 
Better shielding for personnel 
When loaded with 100 mg of radium, dose is 
approximately 3.3 mr/h at 1 meter from source. 
Maximum flexibility 
Part of an integrated radium handling, storage 
and sterilizing system. 
Available with or without Heyman applicator car- 
rier and waste container. 
ALSO AVAILABLE . . . A complementary line of Cesium Carts. 


Ask us for full descriptive literature and prices on these and 


other special products for radiation therapy. 


BARUCH INSTRUMENTS CORPORATION 
203 North Highland Avenue 
OSSINING, NEW YORK 10562 





LUNG SCANNING WITH 


MAA 131 Aggregated Radioiodinated (1131) Serum Albumin (Human) 


Controlled Particle Size... 


A KEY TO GOOD SCAN RESOLUTION 


Proper control of aggregate particle size is es- 
sential to obtaining good scan resolution.'? To 
assure this control, Mallinckrodt/ Nuclear 
has instituted special production techniques 
which effectively minimize the number of 
small particles that do not contribute scan- 
ning information because they clear the 
arteriole — capillary bed too rapidly. 

This **eontrolled uniformity" makes a posi- 
tive contribution to good scan resolution, 
providing highly efficient temporary deposi- 
tion of the scanning agent in the capillary 
field. 

MAA I 131 is available in convenient source 
sizes as small as 500 microcuries. It may be 
used with reliance on its proven safety, 
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Photomicrograph of MAA | 131 aggregates 
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shown by thousands of scans in hospitals all 
over the country. Lung excretion half-time 
is approximately 1 — 6 hours, and urinary 
excretion of 50 to 80% of the injected dose 
occurs in approximately 24 to 48 hours.’ 

Mallinekrodt/Nuclear (formerly Nuclear 
Consultants) produces a complete line of 
radiopharmaceuticals for scanning, diagnos- 
tie tests and therapy. For further informa- 
tion: call collect to the Mallinckrodt/ Nuclear 
laboratory nearest you. 


Nagner, H. N. JT. s intillatio 
, Editor, W. B. Saunders Co., 


n Scanning in Clinical Medicine, j 
Philadelphia and London, 1964 
1, G. V., et al., Radioactive P AEC Syn 
», U.S.A.E.C., April 1966, p. 54 


aplin, G. V., Health Physics, 


RADIOPHARMACEUTICALS 
Box 10172, Lambert Field e St. Louis, Missouri 63145 


Laboratories: 
Atlanta (404) 767-9446 e Chicago (312) 625-3930 
Cleveland (216) 267-5566 e Los Angeles (213) CH 5-7693 
New York (212) 939-5222 e St. Louis (314) AX 1-0540 


Specifications 

Sterile, non-pyrogenic aqueous suspension of heat produced aggregates of 
albumin, 90% of which are between 10 and 90 microns in size, and none 
larger than 150 microns. 


Concentration is approximately 500 4 c/ml and specific activity approximately 
500 uc/mg at time of calibration. 


Contraindications 

Radiopharmaceuticals are contraindicated in pregnancy and during lactation 
and in persons less than 18 years old unless, in the judgment of the physi- 
cian, the situation requires their use. In acute cor pulmonale, the procedure 
may be hazardous due to the temporary small additional mechanical impedi- 
ment to pulmonary blood flow. 


Side Effects 

The results of extensive clinical studies with MAA | 131 have shown it to be 
extremely well tolerated. However, the literature does reveal one case in 
which administration of the product was associated with the death of a patient 
seriously ill with extensive adenocarcinoma involving the lungs. Antigenic 
reactions have not been reported, but the possibility of such reactions attend- 
ant to the introduction of serum albumin into the patient's immunological 
system should be considered. 
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odds are that you're 
using this Auer 
Simultan-Multisection 
Cassette 


JUST ONE CASSETTE...AND ONE 
X-RAY EXPOSURE gives you two, three, 
four or five simultaneous “cuts” in less time 
— and with less patient exposure than is 
possible with successive single cuts. 


This unique cassette contains perfectly 
graded sets of intensifying screens. It fits 
all Bucky diaphragms and requires no 
modification of your present equipment. 


Available in 8" x 10", 
PI 10" x 12", 14" x 14" sizes. 
PHYSICIANS TECHNICAL 
EQUIPMENT CO., INC. 


X-Ray Accessories and. Specialties 
12 Van Dam Street, New York, N.Y. 10013 











Introducing the remarkable 


“ROTATABLE”’ Illuminator 


High Performance Film Viewing Device 
Continued Un-Interrupted Film Inspection 
| | Practically Unlimited Capacity 
| ] Simultaneous Loading, Viewing and 
Unloading 


MANUALLY | m UN-INTERRUPTED 

OPERATED OR ( | ROUND-THE-CLOCK 

MOTOR DRIVEN FIF a VIEWING 
- 


Pat. 


PHAROS — 
— — VIEWING 
EQUIPMENT- 
132 MYRTLE AVE. e FORT LEE, N.J. 07024 


THE NEW IMPROVED 


STANFORD 
X-RAY STEREOSCOPE 
—CONSULTATION IN 3-D— 


International usage for 
over 30 years—be up to date 
See Your X-Ray Dealer 
—MADE IN USA— 


SCHNEEMAN ELECTRONICS, INC. 
GRANT'S PASS, OREGON 





. “The | 

is the 
. ofour X-ray 
. Department" 
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E» Says a busy, metropolitan chief technician with reference to the versatility 
=- of the Diagnost 70 system. Radiologists and technicians alike use this sys- 
|... tem to perform both special and routine procedures with the same smooth, 
< precise facility. It is designed to obtain the most diagnostic information—in 

a variety of situations, with sophisticated simplicity and safety of operation. 











Diagnost 70-F Diagnost 70-F-BV 


This model was developed for remote oper- This model was designed for use with image intensifier and readout 
ation. A small, uniquely designed mobile systems (without conventional spotfilm device). Engineered around a 
control stand enables the doctor to conduct basic systems concept, it is designed to accept additional equipment on 
an examination as easily as if he were a modular scheme to conform with new techniques and equipment 
standing by the patient's side. evolution when up-dating is desired. 
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Bi-Plane Myelography 


Especially useful for bi-plane 
myelography, the Diagnost 
70 permits the attachment 
of an additional 6" or 9/5" 
image intensifier and lateral 
x-ray tube for lateral fluo- 
roscopy or cassette radiog- 
raphy. The lateral tube and 
image intensifier are in- 
geniously coupled to one 
another and to the spotfilm 
device for coordinated long- 
itudinal movements. 


e In the vertical plane the spotfilm device can move up 
and down independently from the lateral beam. 


e |f desired, the lateral tube can be moved up and down, 


coupled in relation to vertical movements of the spot- he & MEDICAL 
film device. OT A 7 [610 DIVISION 


* Lateral image intensifier can be moved independently 


toward or away from patient, or up and down to coin- NORTH AMERICAN PHILIPS COMPANY, INC. 
cide with the lateral x-ray tube. 100 East 42nd Street, New York, New York 10017 





SPERRY 


Ultrasonic Reflectoscope 
for ECHO-ENCEPHALOGRAPHY 


Designed specifically for rapid deter- 
mination of cranial midline displace- 
ments using ultrasonic pulse-echo 
techniques. * 


FEATURES 


Circuitry optimized for effective re- 
liable performance 

Minimum operating controls 
Plug-in module construction for 
added versatility 

Master switch provides three trace 
display (1) calibrate for midline ref- 
erence (2) for right side identifica- 
tion (3) for left side identification 
Pre-set one centimeter markers 
Permanent records are conveniently 
made with available Polaroid film 
accessories 


d 


*See for example: 
S. Jeppsson, Acta, Chir. Scand 119 
(1960) 445-462; Suppl 272 (1961) 
A. Jefferson, Acta Neurochirurgica, 
x4 (1962) 392-409 


3. R. Ford and J. Ambrose, Brain 86 
(1963) 189-196 


Other plug-in ultrasonic instrumenta- 
tion available provides many combina- 
tions of electronic gating and display 
systems for echo cardiography and bio- 
medical research. 

please request Bulletin 55-100. 


Write . . . Automation Industries. Inc. 
Sperry Products Division, Danbury, 
Connecticut 06810. 


AUTOMATION INDUSTRIES, INC. 
SPERRY PRODUCTS DIVISION 





[] 4 BIOLOGICAL CONSIDERATION OF 
TREATMENT OF BREAST CANCER 
by George Crile, Jr., Cleveland Clinic, 
Ohio. '67, 204 pp., 28 iL, 17 tables, $8.00 


CASE OF THE DAY by Benjamin Felson 
and Jerome F. Wiot, both of Univ. of 
Cincinnati, Ohio. '67, 96 pp. (6 x 934), 
91 iL, (Amer. Lec. Roentgen Diagnosis 
edited by Lewis E. Etter), $8.50 


ROENTGENOGRAPHIC DIAGNOSIS 
OF BLADDER TUMORS by Erich K. 
Lang, Methodist Hosp., Indianapolis. '68, 
132 pp. (7 X 10), 94 iL, 11 tables, $9.75 
LUNG CALCIFICATIONS IN X-ray Di- 
agnosis by Emanuel Salzman, Univ. of 
Colorado School of Medicine, Denver. '68, 
132 pp. (694 x 9%), 74 il $7.50 


RECOMMENDED READING 


FOR 
ROENTGENOLOGISTS 


O ILLUSTRATIVE CRANIAL NEURO- 
RADIOLOGY by Alfred L. Schmitz, Univ. 
of California, Los Angeles; Samuel B. 
Haveson, Univ. of Southern California, 
Los Angeles; and Duke Hanna, Freeman 
Memorial Hospital, Inglewood. ‘67, 404 
pp. (8% x 11), 532 il. (1 in full color), 
(Amer. Lec. Roentgen Diagnosis), 551.50 


1] TREATMENT FOR CHROMOPHOBE 
ADENOMA by Hendrik J. Svien and Mal- 
colm Y. Colby, Jr., both of Univ. of Min- 
nesota, Rochester. '67, 116 pp. (694 X 94). 
60 il.. 15 tables, $7.50 


NORMALRADIOLOGICAL ANATOM Y: 
Radiological Optics and Film Interpreta- 
tion by Henry Tillier, Late Professor of 
Radiology, Algiers. Translated and edited 
by Ronan O'Rahilly, St. Louis Univ. School 
of Medicine. '68, 400 pp., 375 figs., 3 tables, 
$12.50 


CHARLES € THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * Illinois * U.S.A. 





HANLEY ECONOMY 14 x I7 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


QUALITY AT LOW PRICES 
Vertical Filing 
We Build Special Size X-Ray Cabinets 
SPECIAL SIZE, 33 H x 19'2 D x 40 W, W/DOORS 
9 COMPARTMENT SIZE—DIVIDERS 14 x 17 ............$119.00 
3 COMPARTMENT SIZE—DIVIDERS l4 x I7 ............ 90.00 
APPROVAL GUARANTEED—F.0.B. FACTORY—CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-ray Division St. Louis, Mo. 63111 
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Bind Your 
Journal Issues 
Into Valuable 


Vigilant Volumes 


Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 


The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.45 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes" are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 


Simply ship your journal issues to us via parcel post, together with 
your name, address, and remittance, at $5.45 per volume. Within 
45 days after receipt, bound volumes will be shipped to you pre- 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 60624 
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a research concept in contrast visualization 


for clear definition of disease: 


Oragrafin? Calcium (Squibb Calcium Ipodate) visu- 
alizes the gallbladder and ducts quickly and clearly 
with few undesirable reactions. For rapid or routine 
studies of the gallbladder and biliary ducts, 
Oragrafin permits efficient absorption for maxi- 
mum concentration and excellent contrast— with 
bowel residue in only a small percentage of pa- 
tients and few patient problems. 


Oragrafin (Squibb Ipodate) in radiography — an 
advanced medium of biomedical communication. 
According to McLuhan's! provocative new theories 
of communications, all media are considered “ex- 


tensions of man"—the means by which he extends 
iis understanding and control of the universe and 
himself. In biomedical communications, where man 
nonitors the diverse processes of molecular and 
cellular change, modern contrast radiography is 
an advanced medium. 


Today, in cholangiography and cholecystography, 
as the medium becomes increasingly oral, the diag- 
nostic message is clear, rapid, and convenient with 
Oragrafin (Squibb Ipodate). 


For summary of contraindications, precautions, and 
side effects, see end of this advertisement. 





Oragrafin' 
Squibb Ipodate 


maximum concentration... 
excellent toleration 


high absorption index— "No one will dispute the 
statement that the diagnostic reliability of oral 
cholecystography depends upon the degree of 
absorption of the contrast medium employed." 
Radioisotope studies with ipodate sodium show a 
markedly improved absorption index (approxi- 
mately 70 per cent) with no increase in the toxic 
properties." 


excellent opacification — "In addition to its ease of 
administration and safety, its principal advantages 
are a high yield of diagnostic films...."" 


less bowel residue — "Incomplete and variable ab- 
sorption of a cholecystographic agent is not desir- 
able, for the opacification of the gallbladder is then 
less dependent on the status of the gallbladder and 
more a reflection of the percentage absorption.”* 


"Opaque material in the bowel was found in 46 per 
cent of [105 patients in] the... [iopanoic acid] group 
as compared with 9 per cent of those [99] of the 
[Oragrafin Sodium Capsules]...group.' ^ In 
another study, 49 of 100 patients receiving iopanoic 
acid had residue in the gastrointestinal tract, while 
only 15 of 100 patients receiving Oragrafin Sodium 
Capsules had such residue. 


no evidence of nephrotoxicity, infrequent side 
effects — In contrast to findings with other chole- 
cystographic agents, Lewitan and Garcia? reported 
in their 246-patient study: "With ipodate calcium... 
there was no clinical evidence of immediate or 
delayed nephrotoxicity in any of the patients given 
it...."^ To study possible renal toxicity, “Creatinine 


clearance tests were also done before and after 
administration of multiple doses in excess of 6 gm. 
in 8 cases, and showed no significant alterations. "' 
However, "Multiple doses beyond 6 gm. are not 
recommended.” © 


In their study of 120 patients, Glenn and O'Brien 
reported “...no reactions in this series of patients 
attributable to the administration of [Oragrafin]...."° 


And, McCrory reported that Oragrafin Sodium 
and Calcium was “...used routinely in cholecysto- 
graphic studies in approximately 2000 patients with 
excellent diagnostic films and only rare and mild 
reactions." 


fewer side effects than iopanoic acid — According 
to White and Fischer,* 36 (36.4%) instances of 
side effects occurred in 99 cases with Oragrafin 
Sodium, 3 Gm. compared with 87 (82.9°/o) in 105 
cases with iopanoic acid, 3 Gm. Kinds of side 
effects noted were nausea, vomiting, diarrhea, 
cramps and dysuria—all less frequent with 
Oragrafin Sodium (Squibb Sodium Ipodate). 


Juhl,” in his study of 200 patients (100 on iopanoic 
acid and 100 on sodium ipodate), found that the 
incidence of nausea and vomiting was equal in the 
two groups.? 


Oragrafin (Squibb Ipodate) dosage schedules 
Oragrafin (calcium or sodium ipodate) permits 
overnight cholecystography and cholangiography. 


Films of the 
Gallbladder 
and 

Biliary Ducts 


6 Capsules 
(or 1 packet 
of Granules, 
if preferred) 
and 

next 1 packet 
morning of Granules 
8 A.M. 


9 A.M. 


Gallbladder Films 


6 Capsules OR 
(or 12 
Capsules) 


1 packet of 
Granules 
(or 2 packets) 





Visualization - 
of ducts and 
gallbladder 


— Visualization 
of gallbladder 


Visualization 
of gallbladder 


10 A.M. 
11 A.M. 


For summary of contraindications, precautions, and side 
effects, see next page. 





new clinical study? demonstrates improved diag- 
noses with calcium ipodate —"A group of 114 pa- 
tients with poorly filled gallbladders after routine 
administration of iopanoic acid were given 6 gm. 
of [calcium] ipodate granules immediately follow- 
ing their routine cholecystography. In 66 per cent 
of these patients opacification of the gallbladders 
was obtained within 3 hours, allowing a definite 
diagnosis. Of the remaining 33 per cent, one-half 
were ultimately proven diseased.” “It is apparent 
that many poorly visualized gallbladders can be 
rendered visible by the ingestion of ipodate gran- 
ules.... A whole day may be saved and other diag- 
nostic studies may be performed." 


patient convenience —Routine cholecystography 
night-before procedure is easy for patients to fol- 
low; palatable granules further enhance patient 
acceptability. Rapid clearance of medium permits 
same-day administration and gallbladder and duc- 
tal films, and if necessary, same-day re-examina- 
tion; reduces need for I.V. studies. 


rapid absorption permits same-day re-examination 
—To determine the cause of nonopacification after 
routine cholecystography using 6 capsules, physi- 
cians may require re-examination by repeating the 
procedure at a later date (sometimes doubling 
dose to 12 capsules), or by administering more 
agent the evening of the first unsuccessful exam- 
ination (again sometimes doubling dose to 12 cap- 
sules), and repeating the study the next day. "The 
advantage of the calcium ipodate method is that 
the examination can be completed in five addition- 
al hours with a limited dose of contrast agent."? 


“a valuable medium for peroral cholegraphy”*® — 
Rapidly absorbed from the gastrointestinal tract, 
calcium ipodate has been reported by some inves- 
tigators to be diagnostically superior to other oral 
cholangiographic contrast agents. ?;'' With care- 
ful timing of the examination and the use of tomo- 
grams or laminograms, the frequency of good 
results can approximate that obtained with intra- 
venously administered agents.'? According to 
Lewitan and Garcia,^ the medium's relative safety 
makes it a valuable medium for peroral chole- 
graphy. Timesaving and economical Oragrafin Cal- 
cium Granules may be particularly useful in certain 
patients for whom I.V. radiography presents poten- 
tial hazards, such as elderly patients and those 
with cardiovascular disease. 


Unique among oral media, Oragrafin Calcium 
Granules permits same-day films of the gallbladder 
and the ductal system. 


dosage schedule for films of gallbladder and duc- 
tal system 


8 A.M. 
9 A.M. 
10 to 11 A.M. 


Contraindications: Contraindicated for persons sensitive 
to oral iodine compounds or for patients with combined 
renal and hepatic disease or severe kidney impairment. 
Gastrointestinal disorders, which may interfere with 
absorption, or liver dysfunction, which may result in 
inadequate biliary secretion of medium, are likely to 
result in unsatisfactory visualization. 


2 packets of granules 
visualization of ducts 
visualization of gallbladder 


Precautions and Side Effects: Mild and transient nausea, 
vomiting, or diarrhea sometimes occur; but the inci- 
dence can be reduced by using the calcium granules 
and restricting the dosage to 3 Gm. Transient headache, 
dysuria, or abdominal pains may occur. 


Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions, and rarely anaphylactoid shock. 
They are more likely to occur in the individual with a 
history of allergy, asthma, hay fever, or urticaria and in 
the individual who is known to be hypersensitive to 
iodine compounds. Antihistamines and corticosteroids 
are used to control hypersensitivity reactions; but the 
occasional serious anaphylactoid reactions require the 
immediate use of epinephrine or phenylephrine, oxygen, 
and intravenous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Calcium Granules) 
is available in single-dose foil packets providing 3 Gm. 
of calcium ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in capsule form 
(Oragrafin Sodium Capsules) providing 0.5 Gm. sodium 
ipodate per capsule. 


References: 1. McLuhan, M.: Understanding Media: The 
Extensions of Man, New York, McGraw-Hill Book Com- 
pany, 1966. 2. Sanen, F. J.: Amer. J. Roentgen. 88:797 
(Oct.) 1962. 3. Glenn, J. C., Jr., and O’Brien, P. S: 
Southern Med. J. 56:167 (Feb.) 1963. 4. White, W. W., 
and Fischer, H. W.: Amer. J. Roentgen. 87:745 (April) 
1962. 5. Juhl, J. H., et al.: Radiology 80:87 (Jan.) 1963. 
6. Lewitan, A.. and Garcia, J. F.: Amer. J. Dig. Dis. 
10:219 (March) 1965. 7. McCrory, E.: J. Tenn. Med. Ass. 
58:258 (Aug.) 1965. 8. Root, H.: Amer. J. Roentgen. 101: 
621 (Nov.) 1967. 9. Crummy, A. B.: Wisconsin Med. J. 
65:84 (Feb.) 1966. 10. Saltzman, G. F.: Acta Radiol. 54: 
417, 1960. 11. Ludin, H., and Lauchenauer, C.: Schweiz. 
Med. Wochenschr. 90:471, 1960. 


Oragrafin: 
Squibb Ipodate 


SQUIBB 
‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. 
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Serial angiography simplified: 
Picker calls in a computer. 


Radiopaque injection. X-ray exposure. 
Patient shifting. Angiography obviously re- 
quires that these elements and others (e.g., 
ECG, cinefluorography, etc.) constantly mesh. 
Up to now, people had to do all the required 
monitoring, coordinating, synchronizing and 
operating to make angiography work, to 
make the elements mesh. No longer. 

Picker has developed a practical punch- 
card-programmed system that automatically 
governs the procedural aspects of angio- 
graphic'examination. The system consists of 
the following four elements. 


Picker Computer Programmer 

The controlling card, prepunched to the de- 
sired specifications, actuates the Computer 
Programmer which then carries through all 
of the indicated sequential functions without 
any human intervention. This method not 
only enforces duplication of standardized 
techniques but permits easy modification by 


the preparation of a new card. The punch- 
card also serves as a permanent record. 


Picker 420 CP Cassette Changer 

This unit can rapidly expose up to 20 cas- 
settes holding any size film up to 14" x 14’. It 
can handle virtually all angiographic proce- 
dures, monoplane or biplane. A motor-driven 
stand permits a single changer to be used in 
either the horizontal or vertical position. 


Picker Amplatz Cassette 

These vacuum-sealed cassettes yield high- 
resolution radiographs crisply defined from 
edge-to-edge, and out to the very corners. 
Picker supplies the entire system for the 
preparation of these cassettes. 


Picker Galaxy Pedestal Table 

A cantilever-type table whose motor-driven 
top automatically aligns the patient with the 
x-ray beam. Motor also elevates tabletop to 
most convenient working height. 

Check your Picker representative for de- 
tails or write to Picker X-Ray, 1275 Mama- 
roneck Ave., White Plains, N.Y. 10605. 

Picker expedites your work. 


PICKER 





Books of Interest to Radiologists... 
from "YEAR Book" 


Sponsored by the American College of Radiology 
The 12-Volume ATLAS OF TUMOR RADIOLOGY 


This greatly-needed diagnostic aid is a "first" in medical literature. Written by widely-recognized 
authorities, the 12-volume ATLAS includes all organ systems, and cach volume is complete in its 
field. The latest technical "know how" went into creating the remarkable clarity of the photographic 
reproductions. The quality and scrupulous scientific reproduction of the originals are incomparable. 
Each roentgenogram is accompanied by an in-depth, meaningful legend which is brief, yet com- 
prehensive. And for your reading convenience, the text material appears directly opposite the 
related illustration. Destined to become a "classic" in diagnostic radiology. Editor-in-Chief, PHILIP 
J. HODES, Department of Radiology, Jefferson Medical College. | 


VOLUME TITLES & EDITORS: “The Head & Neck" by Dr. G. H. Fletcher & Bao-Shan Jing, M.D., 
Anderson Hospital and Tumor Institute at Houston. 386 pages; 174 illustrations. About $18.00. 

In Active Preparation: “The Hemopoietic & Lymphatic Systems" by Drs. G. D. Dodd & S. Wallace. 
"Tbe Bones & Joints” by Drs. G. Lodwick & L. C. Johnson. "Tbe Lower Respiratory Tract & Thoracic 
Contents" by Dr. R. Greening & J. H. Heslep. “The Gastrointestinal Tract" by Drs. A. K. Finkelstein 
& G. N. Stein. “The Urinary Tract’ by Dr. J, A. Evans. "The Breast" by Dr. D. M. Witten. "The 
Nervous System & tbe Eye" by Drs. J. M. Taveras & E. W. Wood. "Tbe Female Generative System" 
by Drs. G. M. Stevens & J. F. Weigen. "Endocrine Tumors" by Drs. H. L. Steinback & H. Minagi. 
"Tbe Accessory Digestive Organs” by Dr. R. E. Wise. “The Spine" by Dr. B. S. Epstein. 


The New YEAR BOOK OF NUCLEAR MEDICINE, Volume 3 


Broad in coverage, concise in presentation, this new Year Book brings you the most comprehensive 
reporting of the finest international journal literature published on Nuclear Medicine within 
recent months. The 308 authoritative articles bristle with scores of case reports, technics, procedures 
and methods . . . plus findings from dozens of clinical and experimental studies. And, to assist 
you in evaluating this treasure house of knowledge, Dr. Quinn has added hundreds of words of his 
own pertinent personal comments. The material is highly concentrated, illustrated, and conveniently 
indexed by subject and author, ready to be read whenever you have a few spare moments. Also 
included, is a timely, original article on “Dynamic Function Studies in Nuclear Medicine’, by M. 
Donald Blaufox, Albert Einstein College of Medicine. For the latest important advances, choose the 
New Year Book of Nuclear Medicine. Edited by JAMES L. QUINN, III, M.D., Northwestern 
University Medical School; Wesley Memorial Hospital, Chicago. 384 pages, 102 figures. $10.50. 


OTHER YEAR BOOKS OF INTEREST (1967-1968 Series) 


YEAR BOOK OF RADIOLOGY 


Edited by Drs. John Floyd Holt, Walter M. Whitehouse & Howard B. Latourette. 451 pages, 304 illustra- 
tions... $13.00 


YEAR BOOK OF CANCER 
Edited by Drs. Randolph Lee Clark, Russell W. Cumley. 526 pages, 197 illustrations . . . $10.00. 


Available from Medical Bookstores or the Publisher 


"a YEAR BOOK MEDICAL PUBLISHERS 
us TIMES MIRROR 


35 EAST WACKER DRIVE, CHICAGO, ILLINOIS €060'1 
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An Improved Dynamax “HD40” 
Rotating Anode X-Ray Tuhe 
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The improved Dynamax “HD40” rotating anode x-ray 


tube ''insert" is now available to provide faster exposure sequence with greater 
thermal reserve for mammography. 

Also recommended for heavy-duty general radiography, the improved “HD40” 
incorporates a rhenium-tungsten-faced molybdenum target with a heat storage capac- 
ity of 175,000 heat units (20% greater than that of the previous ''HD40"). Adding 
rhenium to the target face helps maintain the original radiation output throughout the 
life of the tube. 

Electrical characteristics of the “HD40” are identical to those of the original 


Machlett mammography x-ray tube. 


General Characteristics The Dynamax “HD40” may be used in any 
Machlett Dynamax “HD40” of the following housings: Dynamax ' 50", Dynamax ''40" 


and the Dynamax ''25". In the Dynamax ''25" housing, 


PKV range: 25 PKV to 125 PKV the maximum voltage is 100 PKV. 


Focal Spot Sizes: 1.0 mm and 2.0 mm For literature on the Machlett Dynamax “HD40” write: 
Max. MA at 25 PKV: 300 The Machlett Laboratories, Inc., 1063 Hope Street, Stam- 


i ford, Connecticut 06907. 
Heat Storage Capacity: 175,000 HU 


THE MACHLETT LABORATORIES, INC. 


A SUBSIDIARY QO F RAY T PLE ON COMPANY 





BRILLIANT | 
DEVELOPMENT 


The doctor’s diagnosis and the well-being of his patient m 
often depend upon the development of clear, sharp X-rays. There is 
margin for error, no room for second best...and so it must be the sa 
way with the equipment you use. Herein lies the importance of using i 
advanced, all-new WOLF Stainless Steel Developing Tank with remova 
inserts... precision engineered to be the finest of its kind in the world, 
signed to be the reliable workhorse today’s advanced science of roe 
genology demands! When you're ready to order, just remember that 
greatest x-ray technician, using the finest machine and film available, m 
await, rely and act upon the results produced in his developing tank...z 
“WOLF” has proven to be the name you can rely on, everytime! 


For your free brochure with complete details, write your dealer or Wolf today. 


WOLF X-RAY CORPORATION 


NEW YORK e CHICAGO e LOS ANGELES » TORONTO 


Executive Offices: 182-20 Liberty Avenue, Jamaica, New York’11412 
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Ultrasonic diagnosis is now 





simplified: Picker introduces 
a new display system. 


The time and annoyance of having to photo- 
graph a series of laminographic scans is 
now eliminated with Picker’s new videosonic 
display system. This system lets you disc- 
record up to 60 separate cross-sectional 
images for “instant replay” on a TV monitor. 
This simplifies diagnosis in two ways: (1) 
rapid viewing of the cross-sections in se- 


quence facilitates the “seeing” of a three- 
dimensional image, and (2) the TV monitor 
presentation closely approximates the actual 
size of the bodypart being examined. 

This then represents another fundamental 
advance in ultrasonic diagnosis, an increas- 
ingly important technique for visualization 
without radiation. And Picker now offers a 
wide choice of practical, easy-to-use ultra- 
sonic instrumentation. If you would like de- 
tailed information on this line of equipment 
—or on the use of ultrasonic diagnostic tech- 
niques—please let us know. Picker X-Ray, 
1275 Mamaroneck Ave., White Plains, N.Y. 
10605. | 
 Picker exnedites your work. 
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1 Magnascanner® 500 
2 Dual Magnascanner® 
3 Dynapix® 

4 Dynacamera™ 


5 Magnacamera® 


"Which is the better choice 
for gamma imaging, 
a scanner or a camera ?" 


(Yes.) 


That's much like: “which is better: a plane or a car?" 
Surely it depends upon the problem at hand. 

As it does with gamma imaging. Your one best bet 
might well be a scanner. Or a camera. You may need 
both. Sadly, there can be no universal instrument, no 
all-things-to-all-men system. Consequently, Picker 
now offers five separate and distinct imaging devices: 
three are scanners, two are cameras. And this is the 
most complete line in the world. By far. 

The implication is simple: the chances are excel- 
lent that Picker has the specific system that precisely 
matches your needs. Here now are some recogniz- 
able user requirements coupled with the appropriate 
Picker instruments. 

Need: small hospital, starting static-imaging, small 
patient load, modest budget. Or: large hospital need- 
ing additional diagnostic confirmation. Solution: 
Magnascanner® 500. Four out of five nuclear medi- 
cine departments start with a Magnascanner. Now 
over 2000 in use throughout the world. Despite many 
new features and very high resolution, cost is modest. 

Need: specialized static studies involving two views 
at same time. Solution: Dual Magnascanner®. Pro- 
vides two large, high resolution scans simultaneously. 


Need: heavy static-imaging patient load. Some de- 
mand for dynamic function work also. Solution: Dyna- 
pix*. High speed static imaging with very high resolu- 
tion. Also useful for medium speed dynamic function 
studies. 

Need: broad capability for handling both static 
imaging and dynamic function (and a great deal of it). 
Solution: Dynacamera™. Very fast instrument pro- 
viding high resolution. Does both static and dynamic 
work. 

Need: sophisticated dynamic function work at very 
high speeds. Solution: Magnacamera?. Exception- 
ally high speed for studying the most rapid dynamic 
processes. 

The conclusion: Picker has a wide selection of 
imaging systems because there are many imaging 
needs. The widest selection in the world. Suggestion: 
describe your situation to your local Picker repre- 
sentative and ask him to develop solutions. Or, if 
more convenient, start by requesting our detailed 
gamma-imaging brochure. Write Picker Nuclear, 1275 
Mamaroneck Avenue, White Plains, N.Y. 10605. Dept. P 


PICKER 





SQUIBB 


a research concept in radiopharmaceuticals 


pulmonary embolism: 
a major cause of death? 


In a 1959 report, Coon and Willis! attributed as many as 
47,000 annual deaths solely to pulmonary embolism. They 
further held that pulmonary embolism may have significantly 
affected the outcome in three times this many deaths. Another 
study? reported autopsy findings on 161 of 247 patients who 
had died after hip fracture. Thirty-eight percent of these were 
found to have died of pulmonary embolism. In the unautopsied 
cases, however, pulmonary embolism was listed as the primary 
cause of death in only 2%. 

Deaths from pulmonary embolism, however, probably com- 
prise only a small portion of the total incidence. For example, a 
recent study? of 61 consecutive adult autopsies revealed recent 
and organized thrombi ranging from massive occluding emboli 
of the pulmonary arteries to minute and barely visible fragments 
in 6496 of the cases. But the true incidence may be even higher. 
Based on accumulating evidence in the literature and on their 
own experience, some researchers^ postulate that pulmonary 
embolism may occur in nearly everyone at some time or another, 
that the recognized clinical entity is only a tiny part of the full 
spectrum of the disease. These studies point to the desirability 
of a high index of suspicion of pulmonary embolism and its 
earliest possible diagnosis. 

help in diagnosing pulmonary emboli — Lung-scanning pro- 
cedures utilizing such agents as Albumotope — LS [Aggregated 
Radio-lodinated (1131) Albumin (Human)] now offer help in detect- 
ing pulmonary emboli when used in conjunction with other pro- 
cedures. In fact “...it appears that the lung scan can point to 
the site of embolic lesions before signs of lung infarction are 
recognizable on plain chest films." Then, too, lung scanning is 
simpler, faster, and comparatively safer than pulmonary arteri- 
ography and "...has proven to be an objective and reliable 
means of establishing a firm diagnosis of pulmonary embo- 
lism...."5 |n some instances it has also shown the capacity to 
detect small areas of pulmonary ischemia in the absence of ab- 
normal angiographic findings.’ Finally, lung scanning provides a 
simple and reliable means of follow-up during recovery from 


Same patient. Initial scan: 
massive pulmonary embolism, 
left lower lobe* 


Patient in distress: 
substernal pain, faintness, dyspnea. 
Chest film: normal”. 


“Illustration furnished through the courtesy of George V. Taplin, M.D., Har- 
bor General Hospital, Torrance, California. 


pulmonary embolism which may be repeated at relatively short 
intervals when necessary. Indeed, it is considered by some to 
be '...the most convenient and probably the most sensitive 
method now available for this purpose." 4 


Albumotope — LS for lung scanning: another example of 
Squibb leadership in radiopharmaceutical research and develop- 
ment. 


Contraindications: Radiopharmaceuticals should not be ad- 
ministered to pregnant women or to persons under the age of 
18 years unless the indications are very exceptional. Because 
iodide is excreted in human milk, aggregated radioalbumin 
should not be administered to nursing mothers. 


Side Effects and Precautions: There have been no reported 
cardiovascular or other untoward effects attributable to 
Albumotope — LS. Extensive clinical use of Albumotope — LS has 
not borne out the hypothetical possibility that particles of large 
size might induce deleterious cardiovascular or cerebrovascular 
effects. The product appears to possess no antigenic properties. 
One patient with a known history of angioneurotic edema, who 
had been given Lugol's solution in conjunction with aggregated 
radioalbumin similar to Albumotope — LS, developed urticaria. 


For full prescribing information, see package insert. 


Available: As a sterile, nonpyrogenic, aqueous suspension. 
Each cc. contains approximately 0.5 mg. aggregated human 
serum albumin labeled with iodine-131. Not less than 9096 of 
the aggregates are between 10 and 90 microns and none are 
more than 150 microns in size. The preparation also contains 
0.9% (w/v) benzyl alcohol as a preservative. The potency 
ranges from 250 to 450 microcuries per cc. on date of assay. 
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PRINCEPS | ene B lI  — | | -= = @ i| with proven 
A specialized unit to | oo 
perform all abiiny. 
neuroradiological 

examinations for 

complete diagnosis. 


WINDSOR 90/90 MARK III 


The only true island 
table with elevation 
and completely 
removable tower and 
spot film device. 


WARWICK 


The ceiling mounted 
tube holder with 
improved rigidity and 
stability. 


RELIABILITY SESSIONS 
FUTURAMA Thorough factory 
The latest concept in | training for our field 
remote table operation | office personnel on 
used for complete advanced 
radiographic and technological 


fluoroscopic diagnosis. developments 
.. . tO serve 


you better. 
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Du Pont focuses its science and energy 

on Diagnostic Clarity...so we offer you 
cool-operating CRONEX" chemicals for better 
quality, low fog level on radiographs. 


Whether you process at 90 seconds, 342 minutes or 7 minutes, 
CRONEX Multi-Process Developer and Fixer can contribute 
much to diagnostic clarity. 


When used with CRONEX 4 x-ray film, our chemicals will 
produce excellent results at temperatures usually no higher 
than 92°F. for a 90-second cycle, 83°F. for 3v»-minute cycles. 


Radiologists and technologists in over a thousand 
hospitals are now relying upon the improved quality 
and low fog level on radiographs processed at 

these lower temperatures. 


CRONEX Multi-Process Chemicals come in easy-to-handle 
units to make 5 gallons of replenisher and in economical 
units to make 20 gallons. Ask your Du Pont TR 

about this significant contribution to diagnostic clarity. 


CRONEX°® X-ray Products 
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Halsey Multiple 
Film Cassettes 


Utilizes a special book of matched screens of different 
speeds to provide comparable density and detail in each 
of the films. 

The 3-film model has 1 cm spacing between adja- 
cent films; the 5-film model, 1^ cm spacing. 

Fits the conventional Bucky without requiring mod- 
ifications, by means of the special adapter tray supplied. 
Precision-built, with stainless steel frame, aluminum 
door and magnesium front. Opens and shuts easily. 

Available in a full range of sizes with DuPont or 
Radelin screen book. The 3-film and 5-film books are 
interchangeable. 


For use with open table only 
Can be installed in the Bucky housing after a modifica- 
tion (which does not interfere with conventional use). 
Spacing between adjacent films is 1 cm. 
Available in a full range of sizes, with DuPont or 
Radelin screen book. 


For close-section radiography 
Has the same outside dimensions as conventional cass- 
ettes, so no adapter tray or Bucky modification is re- 
quired. Spacing between adjacent films is 1 mm. 
Available in 8 x 10" and 10 x 12" sizes, with Radelin 
PLT screen book. 


Write for detailed literature 
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SCHICK 


For complete information | 
contact your dealer | X-RAY 


or write to: 
SCHICK X-RAY CO., INC. 
415 Green Bay Road « Wilmette, Illinois 60091 
Phone (312) 256-4700 








From the 
Power People 


Consistency without Compromise. Whatever your 
procedure, whatever your technic, there is a definite 
power range you require for the best diagnostic 

result. That's why General Electric offers the broadest 
line of diagnostic x-ray generators in the industry. 
Once you determine your procedural requirements, 
your GE sales representative will recommend the 
generator to best suit your needs. In fact, he will work 
with you, providing knowledgeable suggestions to 
assure maximum efficiency without compromise. 


Variety in generator models is only a part of the GE 
generator story. Precision design and manufacturing is 
the real key to consistently excellent results. Our 
energy conversion experts are sticklers for detail and 
insist that every component part of every GE generator 
does its job to perfection. Results are consistent 
because power output is consistent. 


When planning your next x-ray installation, let your GE 
sales representatives and service technicians take total 
responsibility for providing you with an equipment- 
matched power system. The finely tuned system you 
receive will rarely need service. When it does, the 
service will be fast and efficient because every GE 
generator is built with fast access swing-out panels 
for serviceability. 


For consistent results free of procedural compromise 
and the finest service available call on General Electric 
—the power people. 


Progress is our most important product 


GENERAL :.£ ELECTRIC 


X-RAY DEPARTMENT èe MILWAUKEE, WISCONSIN 53201 





NEURORADIOLOGICAL UNIT 
WITH RCT-2 ROTATING CHAIR 
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Examinations: Techniques: 


Pneumo-encephalography TV-Fluoroscopy 
Ventriculography Laminography 
Gas myelography Magnification 
Cerebral angiography Standard radiography 


ELEMA-SCHONANDER, INC., P.O. BOX 130, MT. PROSPECT, ILL. 60056 
Tel. (312) 259-7206 





stercow 99m 


Technetium- 99m 


Non-pyrogenic. Ready for use. 


A'phone call to the nearest Duphar representative 
brings all the supplies you need. Fast. 


The increasing importance of technetium- 
99m as a scanning agent in modern diag- 
nosis needs no elaboration. But the degree 
of efficiency is inevitably linked with fast, 
reliable delivery - and also with availability 
of technetium-99m at all times, so that sepa- 
rate ordering is not required for each refer- 
ral. With Stercow 99m ordering is simplicity 
itself - just a phone call to the nearest Duphar 
representative. All orders are despatched 
promptly during the weekend - pre-calibrat- 
ed for the first day of use, usually Monday at 
18.00 hrs M.E.T. 

An elution efficiency of approximately 80% 
is guaranteed. Further details will gladly be 


Nuclear pharmaceuticals 


given on request. Samples are available 
free of charge. 

Stercow 99m is manufactured by Duphar 
to the very high quality standards necessary 
for nuclear pharmaceuticals. A revolutionary 
new design of sterile generator, it is avail- 
able in three types with 150, 300 or 450 mc 
of the parent radioisotope Mol99. Complete 
elution with 15, 20 or 30 ml. When milked in 
the approved manner the resultant techne- 
tium-99m is sterile, non-pyrogenic and hence 
ready for immediate use - either orally or in- 
travenously. The Duphar Shielded Stercow 
Milking System gives additional safety and 
efficiency in the elution operations. 


Contact our local representative or write 
direct to 

N.V. Philips-Duphar 

Cyclotron and Isotope Laboratories 

Petten - Holland 


Labelled Compounds C14, H3 - Enriched Compounds D, C13, N15, 018 - Nuclear Chemicals - Nuclear Products for Industry 
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CLEAR CHOICE IN 
FYSTEROSALPINGOGRAPHY 


WATER-SOLUBLE CONTRAST MEDIUM 


SALPIX 


0.53 Gm Sodium Acetrizoate and 0.23 Gm Polyvinylpyrrolidone per cc 


Fast, safe, accurate radiopaque visualization 
without irritation, residue, or pain 


ORTHO PHARMACEUTICAL CORPORATION e RARITAN, NEW JERSEY 


CONTRAINDICATIONS — Contraindications to hysterosalpingography include the presence of severe 
vaginal or cervical infections, existing or recent pelvic infection, marked cervical erosion or endocervicitis, 
and pregnancy. The procedure is contraindicated during the immediate pre- or post-menstrual phase. 
SENSITIVITY—If indicated in the patient’s history, an intracutaneous skin test or sublingual absorption 
observation may be done with 0.1 cc SALPIX. WARNING —Not for intravenous use. ©orc 1966 





SYMBOL OF LEADERSHIP 


AECL's new corporate symbol depicted 
above was designed to signify the compa- 
ny's vigorous activity and forward progress 
in the application of atomic energy to the pamm 
fields of medicine, research and industry. 


Originators of the first commercially successful Cobalt 60 Teletherapy unit, AECL maintains its 
leadership by making it unnecessary for the radiologist to confine his treatment prescriptions to the 
limitations of a machine.—With a Theratron 80, the radiologist can exercise his knowledge and 
capability to the fullest extent. Because of its many new and unique features (including provision for 
complete, computerized automation), its remarkable versatility and proven dependability, AECL's 
THERATRON 80 continues to be the outstanding leader in its field. 
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We are unwrapping a new, completely 
interchangeable, 90-second film. 
New FINEX Il. 
Can be used for all processing systems, 
automatic as well as manual. 
Requires no changes in exposure. 
Medium speed. Extra-fine grain. 
Polyester base. Perfect complement 
to GAF-X film. Choose from a com- 
plete line of 90-second x-ray films. 
See your GAF representative for 


GAF Corporation 


th e roof (Formerly General Aniline & Film Corporation) 
© 140 West 51 Street, New York, New York 10020 


FINEX II 


medical x-ray film 


® 


~ another 
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WHICH KODAK 
RP X-OMAT FILM 
SHOULD YOU CHOOSE? 


THAT DEPENDS 
UPON WHAT YOU 
WANT TO SEE. 


perb general-purpose medical x-ray film. 
Radiologists often describe its advantages 
this way: "With RP Film, information is 
sharply and clearly defined. It is espe- 
cially effective in those examinations 
where the subject contrast imparted by 
bone, air, or contrast agent needs to be 
enhanced to provide maximum defini- 
tion." Radiologists often call KODAK RP 
ii X-OMAT Film "sparkling." 
RP/S -14 


—— KODAK RP/L X-OMAT X-ray Film has 
| been carefully designed and tested to 

meet the needs of those who prefer a some- 

what wider range of radiographic 

Each of the three KODAK RP X-OMAT image density. With any good lateral ra- 
Medical X-ray Films does something differ- diograph of the skull, for example, the 
ent. You make the choice. prominent anatomy will be well recorded. 
KODAK RP X-OMAT X-ray Film isa su-  !In addition, KODAK RP/L Film will render 
well-defined images of the nose and the 
soft tissues of the scalp and neck. Radiolo- 
gists describing the individuality of RP/L 


2d 


MEDICAL X-RAY Flin 





Film say they prefer it "where a wide 
range of tissue density needs to be 
recorded as in knee, shoulder, and KUB 
examinations." 


KODAK RP/S X-OMAT X-ray Film—a 
significantly faster film—is designed for 
use where short exposures are indicated. 


Like all KODAK RP X-OMAT Film, it is 
ready to read in just 90 seconds. 


These three films are an integral part 
of the KODAK RP X-OMAT? 90-Second 
System. With these film options, radio- 
logists have, in fact, three systems from 
which to choose...each offering its spe- 
cial characteristics. Take advantage of 
this choice in x-ray films. Ask your 
Kodak Technical Sales Repe- 
sentative fora demon- 
stration. 


EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, N.Y. 





RADIOTHERAPISTS 
Dr. W. W. Cross, Cancer Institute 


Edmonton, Alberta 


Applications are invited from qualified Radiotherapists for positions now available 
in our new Cancer Hospital. 


A new 78 bed cancer hospital was completed on July 1. 1968, containing extensive 
Radio Isotope. Diagnostic Radiology and Medical Physics departments and other sup- 
port facilities. The Radiotherapy Department includes two cobalt units. a cesium unit. 
deep and superficial x-ray units. and a linear accelerator to be installed in several 
months. Fully modern isotope facilities are available. All malignancies in the Northern 
half of the Province are referred through the new Cancer Hospital. There is also the 
opportunity for clinical research. 


Salary is dependent upon experience and qualifications. Pension plans, group health 
insurance, and many other benefits are available. Opportunities for attending conven- 
tions and technical courses are a policy of this institution. 


Further information and application forms can be obtained from Dr. J. R. Ibberson. 
Executive Medical Director. Provincial Cancer Hospitals Board, 11560 —University 
Avenue, Edmonton, Alberta, Canada. Telephone collect—Area Code 403-433-9461. 


Fits any 2" X 2" 


Viewer or Projector Bind Your 
D Af Journal Issues 
p AAN: Into Valuable 


Vigilant Volumes 








Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 

MYELOGRAPHY ... jin | 659E Ot Boal valo, 

by the Radiological Hac of Sie Meu Ctr. | The cost per "Vigilant Volume," by official commission from the 

POME DRE MIL AROUND OF BRAIN SCANNING $23.50 Journal publishers is but $5.45 per volume, permanently hard bound 


by William V. Mollihan, M.D., $ in washable buckram, gold embossed with period dates, journal 
E g CUR WES To B Cmn, M D.. & aes name and special insignia—plus your name stamped in gold leaf. 
Ll. Sete hc s iic "Vigilant Volumes" are handsome library additions too, real con- 
TIONS OF THE CONGENITAL HEMOLYTIC VANE. versation pieces. These volumes are bound in the authorized colors. 
MIAS ... 45 slides .. $17.50 | 


by Joseph J. Litschgi, M.D., Assoc. Prof. of ta . | HOW TO ORDER 


Stritch Schl. of Med. & Attdg. Radio. Northwest Hosp. 


Sf pina eng “xs | Simply ship your journal issues to us via parcel post, together with 
LYMPHANGIO-ADENOGRAPHY ... 52 slides /. : us 
d MM M AED RU Ame MU your name, address, and remittance, at $5.45 per volume. Within 


Dept. Radio., Univ. of Miami Schl. of Med. & Jackson 45 days after receipt, bound volumes will be shipped to you pre- 
Mem. Hosp., & Variety Child, Hosp. 


ORDER DIRECT-—Postpaid U.S.A. Many other series now available, ask 


for catalog B. x PUBLISHER'S AUTHORIZED 


| = BINDERY SERVICE, Ltd. 
MEDICAL FILM SLIDE DIVISION I ile (Binders of All Journals 


MICRO X-RAY RECORDER, INC. cay = 4440 W. Roosevelt Rd. 
3755 W. Lawrence . Chicago, Ill. 60625 Chicago, Illinois 60624 











AGA Introduces Color Thermography 


AGA Color Thermography now offers 
accurate, quantitative analysis of 
thermal patterns. Each color in the 
thermogram represents an area of 
identical temperature corresponding 
to the calibrated color scale on the 
bottom of the picture. Relative to this 
reference scale degree differentials 
can be precisely determined with an 
optimum accuracy of .2°C. The 
illustrated thermogram of a woman's 
torso shows 1°C differential between 
colors, white being the highest 
temperature level. 

We believe this innovation will 
further advance thermography as 

a practical diagnostic tool. 


AGA Corporation 
550 County Avenue 


| For further information, contact: 
mc Secaucus, New Jersey 07094 
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Continuous scan thermography 


Thermovision the first 
and only thermographic 
equipment offering 
continuous image 
presentation for 
medical diagnosis. 


The thermal pattern of the 
human body appears live on a 
5” TV-like cathode ray tube on 
which the brightness level in the 
picture corresponds to the 
temperature level in the heat 
pattern. Measurements of 
temperature differentials are 
instantly recorded by 
superimposed isotherms with an 
accuracy of .2* C. 

For the medical record of the 
patient, a photograph of the 


thermal pattern can be taken in 
seconds on Polaroid, 35mm or 
70mm film. 

How do those features of 
AGA Thermovision improve 
current procedure of producing 
thermograms? 


1 The time a patient has to spend 
in front of the instrument is 
reduced to a minimum, due to 
Thermovision's rapid scan of 16 
frames per second. Particularly 

in large scale screening 
programs, this is a vital cost factor. 


2 Sensitivity range, brightness 
level and contrast can be adjusted 
to optimum settings before a 
photograph of the image is taken. 


3 Accurate quantitative data can 


thermovision 
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AGA | 


rmovision 


the 


thermovision 


be recorded on film in form of 
superimposed isotherms which 
make secondary analysis of 
thermograms unnecessary. 


4 Transient temperature 
conditions like those resulting 
from artificial cooling of certain 
areas, or from the injection of 
drugs which affect the heat 
pattern temporarily, can be 
observed while the thermal 
changes occur. 

We believe the versatility 
and efficiency of AGA 
Thermovision will help improve 
thermographic techniques and 
open doors to new approaches in 
thermography. 


For further information, contact: 
AGA Corporation 


550 County Avenue 
Secaucus, New Jersey 07094 
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Ihe no-mix. 


We took the construction work 
out of barium sulfate. 

We premixed it into a smooth, 
creamy, instantly ready esopha- 
geal contrast medium. 

before, coating was often a 
hit-or-miss operation ('home- 
brewed’ barium can be too thin, 
too thick or just plain settled 
out). 

Not anymore. 


Now, in seconds, you can pho- 
 tograph your patient's esopha- 
geal tract...easily take 3, 4, even 
5, plates after an initial dose. In 


many patients the coating of 
Esophotrast lasts up to 15 min- 
utes (ample time for fluoroscopy 
and radiography of the esopha- 
gus and evaluation of heart size). 

Now you don't have to cajole 
your patients into drinking cup- 
ful after cupful of barium...the 
l oz. of Esophotrast, usually all 
that's needed, is nongritty and 
fruit-flavored-a really pleasant 
medium to take. 

And it's just a squeeze of a tube 
away. 

So why mix your own? 


Esophotrast 


(barium sulfate) 
Instantly ready esophageal cream 


Recommended dose: 1 tablespoonful “chewed” thoroughly 
before swallowing. Repeat with a second tablespoonful to ensure 
prolonged adherence and coating of the esophageal mucosa. 
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It seems only a short time ago that radioiso- 
topes were only a laboratory novelty instead of 
the integral part of medicine that many are 
today. In 1964, when Squibb dedicated its new 
plant and laboratories devoted exclusively to 
radiopharmaceuticals, it was an important 
milestone in a pioneering effort to provide the 
best research, production, and distribution 
facilities available. Yet routine use of many 
radiopharmaceuticals in clinical medicine has 
only just begun, and Squibb is determined to 
maintain its leadership in this new field. But 
what are some of the unique aspects of prog- 


ress in Medotopes? 





the unique 5-day precalibration plan |f you 
are still ordering radioisotopes separately after 
each referral, you will want to know about a 
unique Medotopes service that makes piece- 
meal ordering a thing of the past. Nuclear 
medicine has now reached the state where 
many radiopharmaceuticals should be inte- 
grated into the mainstream of medical and 
hospital practice and be on hand immediately 
upon patient referral. Since most active labo- 
ratories can now estimate what their approxi- 
mate weekly diagnostic needs will be, the 
unique 5-day precalibration plan allows them 
to order everything in one shipment to arrive 
on a given day. Thus, when the patient is re- 
ferred, the diagnostic agent is already on hand 
and the test can be run immediately. More- 
over, there is only one shipping charge and 
Squibb bears the cost of radioactive decay 
over weekends. 


the unique ''prefill" program When you use a 
parenteral antibiotic, hormone preparation or 
other drug, you expect it to meet high testing 
standards for sterility and lack of pyrogenicity. 
Why not a radiopharmaceutical? The Squibb 
"prefill" program anticipates and programs 
radiopharmaceutical parenteral production so 
that sterility and pyrogen test data are "in 
house" before the material is released. Thus, 
Squibb manufacturing practices assure — with 
"prefill" radiopharmaceuticals — the same 
high standards you would expect in any paren- 
teral preparation. Is radioactivity any excuse 
for less than the best quality control? Not at 
Squibb. 


important leadership in product development 
Squibb leadership in radiopharmaceuticals 

is nowhere more impressive than in the area 

of research and development. This leadership 
led to the development of a sterile, nonpyro- 
genic generator, a product emulated by other 
generators that were developed later. Another 
product has made lung scanning an important 
clinica! procedure. Another permits pancreatic 
morphology determination in minutes without 
surgery. Bone metastasis can be demon- 
strated before it is apparent on X-rays with 
still another radiopharmaceutical. Now gastro- 
intestinal protein loss can be quantitated 
quickly and accurately with yet another 
Medotopes product. These are only a few ex- 
amples of Squibb's early recognition of the 


physician's needs and how they were met 
through active radiopharmaceutical research 
and development. 


important leadership in education Squibb has 
recognized the acute and continuing need 

for trained paramedical personnel to safely 
handle radioisotopes and assist in clinical 
radioisotope studies. This need is being met 
by the Squibb radioisotope orientation pro- 
gram held periodically in various parts of the 
country for hospital pharmacists and tech- 
nologists. The Squibb radioisotope orientation 
program is only part of a comprehensive edu- 
cational program that includes support of 
clinical nuclear medicine symposia and spon- 
sorship of the Squibb Fellowships in Nuclear 
Medicine. 


technical know-how—yours when you need it 
The numerous Squibb representatives, your 
Squibb technical associate and the Squibb 
Medotopes Customer Service Department all 
are at your service and ready to be of assis- 
tance. Whether you need information on a spe- 
cific product or procedure, help in solving a 
technical problem, or assistance in setting up 
a new laboratory, Squibb men are always on 
call. 


the continuing information program The 
series entitled Nuclear Notes — from Squibb®, 
provides periodic reviews of latest technical 
developments in various areas to help keep 
you advised of recent advances in radioisotope 
diagnosis and therapy. A special program en- 
titled Case Histories in Nuclear Medicine is 
also directed to practicing physicians who do 
not use radiopharmaceuticals to acquaint 
them with the diagnostic help that is available 
to them and their patients. Further, your 
Squibb technical associate or representative 
will be happy to show you the variety of 
materials available for your personal use in 
introducing nuclear medicine to potential 
patient-referring colleagues. Included in this 
service is a large private collection of motion 
pictures dealing with nuclear medicine, prints 
of which are available to you for showing. 


These are only a few of the many important 
features and services offered by the Squibb 
Division of Nuclear Medicine. Your Squibb 
representative will be happy to give you more 
details. 


SQUIBB 


UN Radiopharmaceuticals 


for Medicine 


Division of Nuclear Medicine, 
East Brunswick, New Jersey, 08816 





How easily can you 
translate this prescription 
into treatment? 


E22 W^ 


m Landmarks Us a Landmarks 


Sup. esi a apis 


Glitier Scmf labia]ce 
at Midline 


TAD. loo cm 
nl PEGAN Setting)=20r9§ 
Midline ‘AP. DIA. IBcim 

2—>» Set up field | then 
Q*—— — Kotate Machine 


Technique A = First half of split course 
radiotherapy to pelvis for 
Sq Cell Ca of Cervix 
Machine = Varian 
Area = Total pelvis: from ischial tuber- 
osities to 18 cm superiorly which is 
upper sacrum and from jct of outer and 
middle ¥3 of ing ligament. Area includes 
uterus and all local nodal drainage. 
Dose = 200 Rads/E (M, T, Th, F) 
midplane 
2000 Rads total 
At completion — Radium 
insertion #1 


Same as lech.A. 
Apo Lead Block 


on shadow tay. 
Blocks ex] 


2—> Set up fie#| then 
Rotate Machine O° 


Technique A’= Second half of split 
course following first 
half and first Radium. 


Machine = Varian 


Area = Total pelvis as Tech A with 
added shield of midline pelvic 
structures. 


Dose = 200 Rads/R (M, T, Th, F) 
midplane 
2000 Rads total 
At completion > Radium 
insertion #2 





Varian's new linear accelerator, Clinac 4 


If yours is one of the modern radio- 
therapy departments equipped 
with a Varian Clinac® deep radio- 
therapy machine, you have a simple 
task. For with all Clinac units, ease 
of function is a primary benefit. 


If you are helping plan a radiotherapy 
installation, investigate today's tech- 
niques: the Varian linear accelerator, 
more widely used in medical centers 
around the world than any other type. 


The new Clinac 4 gives the radiotherapist 

an extra edge on patient setup time, thereby 

making treatment easier. Because of machine 

flexibility, precise accuracy of the fixed isocenter, 

and full rotation of the X-ray head, single and multiport therapy is 
simplified. Further, a single control pendant with complete accelerator 
and patient-positioning controls, on the treatment COUCh, 

reduces setup time. 


As well as operational simplicity and reliability, the machine 
provides continuously adjustable, large fields so that you can 
treat large areas with uniform high intensity. Because of 
precision focusing, there is minimum penumbra. Treat- 

ment fields are accurately defined without trimmers. 


All in all, as a total package, Clinac 4 is an 
improved treatment tool. Find out why. 
Contact Varian Radiation Division, 

611 Hansen Way, Palo Alto, 

California 94303; 

Springfield, New Jersey 07081; 

Varian A. G., Zug, Switzerland. 


© varian 
radiation division 





GARRI 


f 


y 


wer 


X-RAY DARKROOM 
EQUIPMENT 


1918 = 1968 


Buck X-Ray Products 
Intensifying Screens 


Cassettes Illuminators 
Film Storage Bins Film Hangers 
Developing Tanks 


Film Dryers 
Darkroom Lamps 
The World Famous 


Transfer Cabinets 
GASTROPA QUE © 


A Barium Sulphate Contrast Media. 
"BUCK'S" Latest Addition X-OGRAPH PHOTO COPY PAPER 


For Your Catalog and Price List Write to 


BUCK X-OGRAPH COMPANY 
8709 XOGRAPH AVENUE 





ST. LOUIS, MISSOURI 63136 
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Ef b 3 Diagnost rit 
is the workhorse 
of our X-ray 
Department” 


Says a busy, metropolitan chief technician with reference to the versatility 
of the Diagnost 70 system. Radiologists and technicians alike use this sys- 
tem to perform both special and routine procedures with the same smooth, 
precise facility. It is designed to obtain the most diagnostic information—in 
a variety of situations, with sophisticated simplicity and safety of operation. 














Diagnost 70-F Diagnost 70-F-BV 


This model was developed for remote oper- This model was designed for use with image intensifier and readout 
ation. A small, uniquely designed mobile systems (without conventional spotfilm device). Engineered around a 
control stand enables the doctor to conduct basic systems concept, it is designed to accept additional equipment on 
an examination as easily as if he were a modular scheme to conform with new techniques and equipment 
standing by the patient's side. evolution when up-dating is desired. 


Bi-Plane Myelography 


Especially useful for bi-plane 
myelography, the Diagnost 
70 permits the attachment 
of an additional 6" or 9/5" 
image intensifier and lateral 
x-ray tube for lateral fluo- 
roscopy or cassette radiog- 
raphy. The lateral tube and 
image intensifier are in- 
geniously coupled to one 
another and to the spotfilm 
device for coordinated long- 
itudinal movements. 


e In the vertical plane the spotfilm device can move up 
and down independently from the lateral beam. 


e If desired, the lateral tube can be moved up and down, 


coupled in relation to vertical movements of the spot- he ® MEDICAL 
film device. ORAL S, DIVISION 


e Lateral image intensifier can be moved independently 


toward or away from patient, or up and down to coin- NORTH AMERICAN PHILIPS COMPANY, INC. 
cide with the lateral x-ray tube. 100 East 42nd Street, New York, New York 10017 





Exposure-wise, Radelin® STF-2 X-ray screens 
are next to nothing. 


Radelin's STF-2's are the fastest screens made, Super High Speed screens ideal for most pro- 
at least 30% faster than the fastest X-ray cedures including high KvP techniques. 
Screens you may now own. Take advantage of STF-2's record high speed 
The excellent definition provided even at for shorter exposures. The only way to give a 
thisextremely high speed makes Radelin STF-2, patient less is to give him none at all. 


RADELIN 
MEDICAL PRODUCTS 


CUSR> UNITED STATES RADIUM CORPORATION 


MORRISTOWN, NEW JERSEY 07960 





Extra capability 
for advanced radiotherapy 
centers 


Radiotherapists who don't want to be limited to routine X-ray therapy will insist 

on the extra capability of Mevatron 8. A reliable accelerator for rapid, automatic 

X-ray therapy, the Mevatron 8 also generates the higher energy levels and wide range 
of dose rates necessary when other types of treatment are indicated. A department 
equipped with Mevatron 8 can perform nearly any type of radiotherapy currently 
prescribed —as well as most types presently being developed. 


Controlled electron therapy. Energy levels up to 10 Mev 
permit electron treatment of tumors as deep as 4 cm. Depth of dose can be 
varied as required, and dose rate is automatically controlled. 


Hyperbaric oxygen therapy. Mevatron 8 delivers 
dose rates up to 2000 rads/min for hyperbaric oxygen therapy. 

To allow ample space for the hyperbaric chambers, the beam shield 
is retractable and the treatment couch is easily removed. 


Rapid set-up. 

Fully motorized couch, 

wedge filters and 

new beam shaping 

kit expedite patient 

set-up, sili more patients to be treated 

per day. The couch lifts, rotates and moves horizontally 
under pushbutton control. 


Unequaled reliability. Mevatron 8 is 
built with the most dependable electronic circuitry 
available — principally integrated circuits and other 

solid-state devices developed especially to enhance reliability. 
To back up the intrinsic reliability of the system, we offer 
a comprehensive preventive maintenance and service program. 


Send for complete information 
2404 North Main Street, Walnut Creek, California 94596. 
Phone (415) 935-2250. 


APPLIED RADIATION 
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YOU ARE LOOKING 
AT THE ONLY RADIATION 
DOSIMETRY SYSTEM THAT CAN 
MEASURE ANY TLD PHOSPHOR 
OR DOSIMETER. 


No matter what shape, size or 
type your dosimeter is, the Model 
7100 Thermoluminescence Dosimetry 
Readout Instrument, with a dose range 
from 10 ~4 to 105 rads, can measure it. 

The basis for this versatility in 
measurement capability is reusable 
and exchangeable heating elements 
with a removable planchette for 
measuring any shape of dosimeter 
and loose powder, too. 

Although all other TLD phosphors 
can be measured by the Model 7100 
TLD system, ISOTOPES exclusive, 
patented Lif-Teflon dosimeters in 
disc, rod and tape form offer several 
distinct advantages. They are strong, 
mechanically flexible, easily handled, 
and combine the desirbble physical- 


chemical properties of Teflon with 
the excellent thermoluminescent 
properties of LiF. 

The new ISOTOPES Con-Rad TLD 
Readout Instrument combined with its 
accessoriesanda variety of LiF-Teflon 
dosimeters constitutes the most ver- 
satile and thoroughly proven TLD 
system available. It is backed by 
thorough technical support, consul- 
tative assistance and the benefits of 
our continuing program of research. 

To learn more about the new 
Model 7100 TLD system, write Lab- 
oratory Products Division, ISOTOPES, 
50 Van Buren Avenue, Westwood, 
New Jersey 07675. (West Coast: 
4062 Fabian St., Palo Alto, California 
94303) U.S.A. 


ISOTOPES 


A TELEDYNE COMPANY 
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The 
most important 
announcement from 
Abbott Radio-Pharmaceuticals 
since Abbott's entry 
into the nuclear field. 
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Abbott Laboratories is now 


PRESET 
COUNT 


This is the 


LOGIC™ Well Counter- 


only inches larger than this page 
1274 x 4%. x13 to be exact 


TM—TRADEMARK 





in Nuclear Instruments 


The LOGIC Series—the most compact counting systems ever designed— 
is available now in 3 models. 


The LOGIC Counting Systems offer: 

e Compactness (micrologic integrated circuitry) 

e Dependability (pre-tested for 40 hours) libe cesa a ence E 
e Portability (25-35 Ibs.) Brig 


ris i contact your Abbott man 
-æ Versatility (choice of 3 models) who knows both instruments 


e Quality (backed by Abbott) and radio-pharmaceuticals 


ABBOTT LABORATORIES NORTH CHICAGO, ILLINOIS 
Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 





IMPROVE 


Van de Graaff” 
ACCELERATOR 


Improved Model AM Van de Graaff is the result of 
experience gained in 40 previous installations. 


MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 


Today’s Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 
precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
good reasons: 


e Its less than 3 mm "point source" 
of x-rays allows optimum technics 
for both large and small treatment 
fields. 


e Its treatment beam is accom- 
panied by negligible penumbra. 


e Its Roentgen output exceeds that 
of a 5000 curie cobalt source. 


e |ts x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 


e |t can be operated easily by a 
technician without a staff physi- 
cist in attendance. 


The Model AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. It offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
— including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM is routinely operated 
by an easily-trained technician. 


HIGH VOLTAGE 
ENGINEERING corporation 


BURLINGTON, MASSACHUSETTS 





THE AMERICAN JOURNAL 


OF ROENTGENOLOGY 
RADIUM THERAPY AND 


NUCLEAR 








NOVEMBER, 1968 


MEDICINE 











PROBLEMS IN THE EDUCATION OF 
THE RADIOLOGIST* 


By LAURENCE L. ROBBINS, M.D.t 


BOSTON, MASSACHUSETTS 


ATHER than extol the virtues and accom- 
plishments of Ross Golden, I should like 

to recall the part he has played in my life. It 
goes back many years to the time when I 
could not even afford the dues when he invited 
me to become a Fellow of the American College 
of Radiology and offered to sponsor me. When 
it was possible and I later did become a Fel- 
low of the American College of Radiology, it 
was largely through Ross Golden’s assistance. 
In 1946, when I first became Chief of 
Radiology at the Massachusetts General 
Hospital, Dr. George W. Holmes having 
decided finally to retire completely to Belfast, 
Maine, and not to participate in any way at 
the Massachusetts General Hospital, there 
were numerous administrative problems that 
I did not understand. During that period it 
was Ross Golden who gave me the staunch 
support that I needed by providing most re- 
markable advice and interest in our problems. 
When I was first elected a Trustee of the 
American Board of Radiology, most of the 
examinations were held in Chicago. At that 
time, I was young enough to be interested in 


an evening walk, as were Ross Golden and 
Barney Widmann, After dinner, the three of 
us would start out for a long walk on Michi- 
gan Avenue. We might go in either direc- 
tion—south, well beyond the Field Museum 
of Natural History or north, as far as the 
Drake Hotel. For those who do not know Ross 
Golden well, I should emphasize that he is a 
very rapid walker. Barney Widmann tended 
to saunter along. I usually ended up some 
IO feet behind Ross Golden and about the 
same distance ahead of Barney Widmann; 
and as an interlocutor, I passed the bits of 
conversation back and forth. These were 
pleasant, stimulating episodes in an era when 
radiologic education was fraught with diffi- 
cult problems. 

Since that time, many joint interests have 
brought us together. Ross Golden was the first 
Chairman of the Committee on Administra- 
tive Structure of the American College of 
Radiology, now advanced to the Commission 
on Administrative Affairs, to which he re- 
mains a consultant. Over the years, his con- 
tribution to the functioning of this Committee, 
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or Commission, has been noteworthy. I also 
was fortunate to have had the opportunity of 
working with him as a Director of the fames 
Picker Foundation, where again the contribu- 
lions from his rich background were of great 
influence. 

Several years ago his efforts must have had 
effect in that it befell me to become his suc- 
cessor as Editor of Diagnostic ROENTGENO- 
LOGY. Since then we have had an interesting 
reversed editor-author relationship, and he 
has proved himself an excellent author! 

In thinking through this relatively short 
experience as an instructor in Radiology, I 
can say with heartfelt warmth that it has been 
wonderful to have had these associations with 
such a great educator. This presentation 15 an 


honor to me, and it affords me a small way of 


expressing my gratitude for his many con- 
tributions. I take this opportunity to con- 
gratulate Ross Golden on all of his accom- 
plishments, and to wish him many more 
years of effectiveness in the field of Radiol- 


0gy. 


Now let us turn to some of the problems 
that face both the educator and the student 
in the teaching of Radiology. Each phase— 
the predoctoral, the immediate postdoctor- 
al, and the subsequent period of learning— 
has its particular problems and throughout 
is the constant changing imminence of gov- 
ernment regulation. 

Itis my intent in this discussion to cover 
some of the problems which are of import- 
ance in the education of radiologists and 
primarily those which face all educators 
from day to day. It would be impossible to 
envelop all of the enigmas that are in- 
volved, and one has only to review the cur- 
rent literature to know the extent. Tre- 
mendous forward steps have been made, 
compared with former discussions in past 
years. 


PREDOCTORAL 


Predoctoral (or medical school and pre- 
vious) education will be mentioned only 
briefly to indicate that it does include the 
usual post-baccalaureate period and that 
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the postgraduate curriculum is far behind 
the college and elementary levels. 


POSTDOCTORAL 


This area of education is the one which 
I would like to emphasize. Although the 
predoctoral area is one that initially. at- 
tracts students to the field of Radiology 
and therefore is highly important, it is my 
feeling that the greatest effort that we offer 
for the future of Radiology lies in the post- 
doctoral emphasis on education. It is here, 
where decisiveness, diversity, and expan- 
sion of educational advances may be found, 
developed, tested, and accepted or with- 
drawn. 

When an outstanding professor of Radi- 
ology says to me “a resident is a millstone 
around my neck," I can neither understand 
nor answer him. [t is realized that the 
teaching of residents imposes demands on 
the time of the staff, but the resident must 
have support throughout his training 
period, and to me the most satisfying area 
in which I can spend my time is with the 
resident. 

We are already confronted with a group 
of highly intelligent and increasingly well 
trained young men—the cream of the in- 
telligentsia who are more and more de- 
manding about their educational programs. 
The fact that postgraduate education of 
any sort has not kept up with earlier phases 
has been exemplified and publicized in the 
Atlantic Monthly and indicates our need for 
meeting this problem. 

It has been pointed out by Lucy Squire 
in her AOA Lecture in Philadelphia that 
some of the major problems concerning 
development of the young person, and par- 
ticularly the under-achievers, is boredom 
and emotional indigestion. 

She recognizes that the students (pre- 
or postdoctoral) of today have tremendous 
curiosity, that they are mature individ- 
uals, and that the faculty frequently are 
not up to their level. The teachers of Ra- 
diology should use their intelligence to 
their best advantage; education should 
not be a "fear" but a delight with the 





Vor. 104, No. 3 
opportunity to learn. As she emphasizes, 
it Is extremely important that the teacher 
learn to listen to the students and residents 
for their criticisms and suggestions. 

My only comment would be, “May 
we all attract this remarkable sounding 
board." 

Recently, I had the great pleasure of 
attending a meeting of the Committee on 
Teaching and Education of the Massa- 
chusetts General Hospital where Dean 
Theodore Sizer of the Graduate School of 
Education of Harvard University dis- 
cussed methods of evaluation of teachers 
and "the new technologies." Dean Sizer 
made no pretense that he knew anything 
about medicine, but he went into the means 
of education of young teachers. He em- 
phasized that we all need to re-think our 
objectives in education and that they must 
be put in narrow behavioral terms. Sec- 
ondly, he indicated the need of reaching 
these objectives in different contrasting 
ways; and thirdly, he said the only way 
that you can evaluate teaching is by the 
performance of the student, not by the 
performance of the teacher. Perhaps one 
of the most illuminating remarks he made 
was the fact that he was most interested 
in the objectives that provide an educator 
with a firm basis of particular knowledge 
and compassion. 

Does Radiology need more than basic 
radiologic knowledge and compassion? Are 
we going to produce the programs that 
these young men—the intellectuals of the 
present and the future—want; certainly 
not under the present restrictions placed 
upon us. Radiology is going to try to ac- 
cept the cream of this delightful crop, but 
we are going to have to do a fast revision 
of our thinking if we are to interest them 
in a progressive, advancing educational 
program. The needs of education of future 
radiologists are indicated in these very few 
words. 

We need to set our objectives, we need 
to evaluate our methods by providing a 
wide variety of contrasting approaches 
and by evaluating each one, and finally we 
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must realize that the only evaluation of the 
effectiveness of the teacher will be by de- 
termining what happens to the individual 
we have taught. We must require basic 
knowledge and compassion; yet these must 
be accomplished in new approaches. 

We are in an era of "reports" on medical 
education. The Coggeshall Report empha- 
sizes the importance of the physician, and 
the paramedical personnel, and strongly 
advises that the university assume leader- 
ship. I doubt very much that the medical 
school has the right, the knowledge, the 
expertise, or experience to venture, even 
with hesitation, into the areas of postgrad- 
uate (doctoral) specialties. The Millis Re- 
port specifies nothing concerning Radiol- 
ogy directly but advocates certain inter- 
acting, indirect actions which include abo- 
lition of the internship (which could be well 
advised 1f the medical school provides the 
proper background) and a review of the 
status of the Advisory Board of Medical 
Specialties. 

The NACOR Report goes on to possible 
and basic needs in support of teaching, 
research in Radiology, needs of more para- 
medical personnel, educational support, 
etc. Until the Congress comes to recognize 
the place of Radiology in the care of the 
citizen, it is unlikely that adequate support 
can be anticipated. 

We have yet to hear the results of the 
Academic Survey of Radiology. This re- 
port, a much hoped for potentiality, seems 
at the moment to be at a standstill; vet we 
anticipated a more positive attitude. Let 
us hope that something worthwhile will 
develop from this excessive expenditure of 
money. Perhaps some influential action 
may have resulted from the site visits; vet, 
to date, we must have difficultv in focus- 
sing on any great progressive accomplish- 
ments. 


SELECTION OF RESIDENTS 
In the NACOR Report, it was noted 


that the majority of those who went into 
Radiology had made their decision after 
medical school graduation. Today this is 
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entirely different; the majority of resident 
applicants are in their fourth year of medi- 
cal school and are required to make their 
decision long before they have had any 
clinical experience in the internship or 
significant exposure to any of the special- 
ties in which they may be interested. 

As directors of programs, what are we 
doing to assist them? My answer is "very 
little." If we are doing anything, we are in- 
creasing their indecisiveness, forcing them 
to premature conclusions, and subjecting 
them to undue apprehension. Until the 
specialty of Radiology becomes alive and 
recognizes its obligations to these young 
men, we are going to continue to lose them 
to other specialties in the future. 

Interviewing approximately 150 appli- 
cants a year is interesting, but it is also 
discouraging when one sees the methods 
that we radiologists use in our selective 
process. This includes the "arm-twisting" 
at the time of internship interview, the 
"sweating-it-out" with the radiologist- 


director of the program in an interview, 


when he says that “you sign up or you're 
done," to the point where they have to 
give great weight to indefinite evaluation 
of any program. The majority of applicants 
are deprived of any discussion with the 
residents in the training program and can 
listen only to the program director's 
polemics. 

Radiology must meet the needs of the 
applicant by finding a more equable sys- 
tem, similar to the internship selection 
program. Unless we make a move to 
strengthen our situation, we will continue 
to lose many able young men who might 
be interested in the field of Radiology, but 
feel that they do not want to go through 
this current most difficult process. It is my 
belief that we must institute a matching 
plan for the selection of residents in Radiol- 
ogy. 

The New York area presents a special 
problem because appointments are made 
so early in the year that the fourth year 
medical student is faced with confusion 
and an insoluble problem. The Massa- 
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chusetts General Hospital, for example, 
happens to make its appointments later 
than New York, and I often see a young 
man "sweating out” a very serious deci- 
sion in his life. Fortunately, I can tell him 
that he should accept a good appointment 
in New York rather than to try to wait out 
the decisions of our own tenuous Executive 
Committee concerning an appointment at 
our hospital. Naturally some young men 
who might wish to come with us decide to 
sign up with a New York Hospital, whereas 
others feel that the New York assignments 
are superior. However, too many appli- 
cants have felt that they were forced to 
decide before they were ready, and this has 
been sufficiently disturbing to them to 
make them withold their decisions to a 
later date. I know of certain instances 
where this unfortunate procedure has cost 
Radiology the loss of young men with 
great potential. 

In this coming era of the resident who 
knows what he wants, we are faced with a 
dilemma—are we going to supply the de- 
mands of current education or retain our 
utmost conservatism ? 

To avoid this confusion, psychiatrists 
have given a great deal of study to the 
necessity of a matching program. They 
realize that an individual forced into a 
program against his better wishes never 
produces to the extent to which he could 
or would, had he been able to select the 
program which he desired most. Medicine 
has started a November I-15 acceptance 
date. Pediatrics has started a residency 
matching program, and Orthopedics 1s 
about to start. 

Recent news notes and editorials (The 
House Physician Reporter, Vol. 8, No. 3, 
March, 1968, and New England Journal 
of Medicine, Vol. 278, No. 17, April 25, 
1968) indicate that these various resident 
matching plans have had certain problems 
and are making efforts to overcome them. 
As you can anticipate, there are under- 
standable dissatisfactions because certain 
program directors do not follow the rules 
and do accept people in advance, and there 
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have been questions about whether the 
applicant and the center could be sure of 
each other at the time of the final decision. 
It will take time to unravel the knots, but 
we shall all come to matching plans in the 
not too distant future. 

In trying to interweave all of the prob- 
lems in the postgraduate period, there are 
many complicating and confusing factors. 
As far as the residency training is con- 
cerned, I am at this moment elated to know 
that most of the educators in the large 
training institutions of Radiology report 
that they have under consideration for 
residency appointment as of July 1, 1969, 
the best as well as the largest group they 
have ever had. This is a personal communi- 
cation that came to me at the time of the 
meeting of the American College of Radi- 
ology and repeatedly since. 

Why is this true? I am certain that I do 
not know the reasons. It would seem that 
the teachers of Radiology in the under- 
graduate areas have been able to put 
across incentives that most of us have failed 
to accomplish in the past. Another reason 
may be the NACOR Report which has been 
circulated extensively to medical schools 
and other interested individuals; it could 
also be the influence of Vincent Collins and 
the program provided by the National 
Institute of General Medical Sciences. 
Some say that the site visits from the 
"Academic Survey" members may have 
been effective. Yet, has anyone considered 
the public information that has been sup- 
plied by the American College of Radiology 
through the efforts of its Committee on 
Public Affairs, with special thanks to East- 
man Kodak Company and Hugh Jones who 
know the field of Radiology, using the 
proper methods of presentation to the 
laity and the popular magazines? Could it 
have been from some of the industrial 
companies' advertising? Could it have been 
"Your Radiologist” (ACR)? Could it have 
been that present medical school methods 
of education require medical students to 
come to departments of Radiology to see 
the new vital activities that far supersede 
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the old routine chest and abdomen roent- 
genograms? All of these agencies may have 
been effective, but what are we radiologic 
preceptors doing to provide new and better 
training programs? 

Possible types of training programs that 
should be available in the future to meet 
the needs of the oncoming generation are: 


. Radiology until circa 1975—} years 

. Diagnosis—3 years 

;. Radiation Therapy—3 years 
a. Pediatric Radiology—14 
+14 years specialty 

b. General Radiology and special training 
in Pediatric Radiology—2 years basic 
T 1 year specialty 
Nuclear medicine—13 years general 
training+13 years nuclear medicine 

. Neuroradiology—14 years general 
training 4-13. years neuroradiology 

. Others (cardiology, angiology, geni- 
tourinary, gastrointestinal, musculo- 
skeletal system, etc.)—13 years gen- 
eral training+14 years specialty. 


years basic 


New approaches and diversified educa- 
tion are being hindered by our organiza- 
tional structure and their modes of opera- 
tion. My intents are not maliciously criti- 
cal, but to indicate the needs of educators 
to press for advances which will not come 
otherwise. These organizations are: The 
American Board of Radiology, the Resi- 
dency Review Committee, the AMA Coun- 
cil on Medical Education (all decisions to 
House of Delegates), and the Advisory 
Board of Medical Specialties which often 
takes 2 years to reach a decision. 

As far as I am concerned, the progressive 
Director with a Committee on Teaching 
and Education (Millis Report) not only is 
far ahead in thinking but is not likely to be 
hampered by bureaucracy. However, he 
must be logical and provide adequate 
teaching. The educators must progress to 
new methods of education. 


SOCIOLOGIC PROBLEMS 


The sociologic and pedagogic problems 
are numerous and have been well presented 
by John Knowles, Russell Morgan, and 
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others. We need to study our attitudes 
concerning our sociologic obligation and 
education approaches. We have done little 
to help underprivileged persons in the 
health fields. We must provide more op- 
portunities for the underprivileged student. 
This concerns the Negro, oriental, deprived 
white, foreign graduate, and many others. 
In this country, 11 per cent of our popula- 
tion is Negro, vet currently only 2 per cent 
of the physicians and dentists are Negro 
and a far lower percentage are in the field 
of Radiologv. How can we as educators try 
to promote the better education of the 
Negro or of the other minority groups in 
the field of Radiology? I could give per- 
sonal experiences in this area, but they 
would never come close to 2 per cent, so I 
shall not go further. 


THE FOREIGN PROGRAM 


Further sociologic interests must involve 
the foreign graduate. The radiologist of 
today has done little to provide a good pro- 
gram for the foreign graduate in this 
country. My statements are supported by 
the comments of the examinees and of the 
applicants to our program as well as by 
personal letters. 

If large, well-balanced teaching hospitals 
are reluctant to provide an outstanding 
program for foreign graduates, there is 
little doubt that the smaller institutions 
without teaching staffs have less to offer. 

'There is something very wrong with our 
planning for the education of these indi- 
viduals, and I certainly hope it will not be 
allowed to continue. We as radiologists 
must make sure that we are providing 
adequate education for the foreign grad- 
uate and that we are doing everything 
possible to supply him with the best educa- 
tion in our field. 


RESEARCH 


Research in Radiologv is in a period of 
slow beginning and requires continued en- 
couragement. Few meaningful steps have 
been taken to study and improve research 
in the methods of teaching, the methods of 
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learning, and the methods of promoting 
and selecting residents in their training 
programs. Who is going to do this? Is it 
going to be the Federal Government; is it 
going to be the James Picker Foundation; 
is it going to be the National Institute of 
General Medical Sciences; or are we just 
going to continue on in our faltering way? 


GOVERNMENT REGULATION 


I spoke earlier of a factor that would 
affect our lives in the future. This 1s govern- 
ment regulation, which can occur in a va- 
riety of ways. Therefore, we must be 
watchful of the potentials and guide them 
in a constructive manner. At present there 
is little indication that radiologic resident 
training will be significantly affected, as we 
are in a somewhat different relationship 
regarding the private patient than surgery 
or medicine, both of which will suffer be- 
cause all patients may have private physi- 
cians. 

The regulation of the radiologist is likely 
to be rather strict, inasmuch as he 1s using 
a method which is both beneficial and 
hazardous. Requirements concerning the 
public health of the nation could become 
much more stringent, and these may be 
accomplished through Acts of Congress or 
other governmental agencies. The National 
Center of Radiologic Health may come to 
play a very important part in the life of 
future radiologists and undoubtedly Medi- 
care and Medicaid will affect methods of 
practice. 

CONTINUING EDUCATION 

There are increasing indications that 
there must be continuing education of the 
physician. Although most physicians 
attend local and national meetings in at- 
tempts to keep up to date, this may well be 
considered insufficient in the future. We 
are all aware of the numerous refresher 
courses of various types provided in a large 
number of institutions in the country, and 
they are remarkably well attended. Even 
these are likely to be considered inade- 
quate. It may well be that more concen- 





VoL. 104, No. 3 
trated extensive courses will be required of 
physicians in the future. There are certain 
signs 1n the wind which suggest that re- 
certification by specialty boards may be 
required, It is my understanding that the 
American College of Physicians has pre- 
pared and sent out a preliminary trial ex- 
amination to men who have been out in 
practice for a time to determine gaps in 
knowledge of the individual. The American 
College of Radiology has recently started 
to carry out evaluation studies of depart- 
ments, but this is confined more to the 
facility than to the informational acuity of 
the individual. How far these trends may 
go Is indeterminate at present. 


FUTURE PROBLEMS 


Several aspects of the training of the 
future radiologist need more attention, 
study, and evaluation: 

1. The medical school—it must expand 
its emphasis on Radiology by more ex- 
tensive inclusion of the specialty in its 
curriculum. 

2. The teaching hospital must revise its 
concept of Radiology as a mere service 
department and provide adequate space 
and support for teaching and research. 

3. The immediate research problems of 
resident education in the future are (a) 
methods of teaching, (b) methods of learn- 
ing, (c) methods of selection, (d) new ideas 
in training, education and certification. 

4. A thorough search and application of 
the sociologic aspects of Radiology must 
be studied, stressed, and implemented. 

5. Foreign graduate training programs 
must be improved, both in this country 
and in underdeveloped countries. Strong, 
positive action is needed in this area. 

6. The needs for financial support for 
basic and clinical investigation must be 
explored, obtained and used decisively. 

7. A total study of the possibility of 
government regulation, which can occur 
under Medicare, Medicaid, and other 
government agencies, must be made and 
interpreted intelligently. 

At this time we are at a crucial stage of 
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evaluation of our educational methods, 
future activities, and productivities. Al- 
though we have made minor gains in the 
predoctoral area, we have done little to 
improve our postdoctoral phase of educa- 
tion. The educators of today, and the fu- 
ture, have numerous widespread oppor- 
tunities to amplify their activities through 
influence on the Association of American 
Medical Colleges, the American Medical 
Association, the American Board of Radi- 
ologv, the Residency Review Committee, 
the Advisory Board of Medical Specialties, 
and other organizations that can bring 
intelligent pressure to bear on the country's 
social forces to obtain prime medical care. 
Let us not be somnolent! 


Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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IHE USE OF BARIUM SULFATE SUSPENSIONS IN THE 
DIAGNOSIS OF ACUTE DISEASES OF THE 
SMALL INTESTINE* 


By SIDNEY W. NELSON, M.D.,+ and ANTHIMOS J. CHRISTOFORIDIS, M.D.1 


COLUMBUS, OHIO 


"Last night I saw upon the stairs 
A little man who wasn’t there. 
He wasn’t there again today. 
Oh, I wish he'd go away!” 
Anonymous, Mother Goose Rhymes 


E CAN significantly improve accuracy 

and promptness in the roentgeno- 
logic diagnosis of many acute diseases of 
the small intestine if we will but abandon 
a misconception about an imaginary dan- 
ger, which, like the “little man" in the 
rhyme above, does not exist; 7.e., the dan- 
ger of barium becoming inspissated proxi- 
mal to a partial or complete mechanical 
obstruction of the small intestine. Our 


previous animal and clinical studies!?-? 
have proven the complete safetv of barium 


sulfate and its clear-cut superiority over 
water-soluble iodinated contrast media in 
the study of mechanical obstructions of 
the small intestine. In our opinion the 
only contraindication to the use of barium 
sulfate is a perforated hollow viscus or a 
potentially obstructing lesion of the distal 
one-half of the colon. Thus, it is the pur- 
pose of this paper to describe the value of 
using barium sulfate suspensions when the 
clinical symptoms and plain abdominal 
roentgenograms fail to clarify the diagno- 
sis in patients who have lesions which pro- 
duce mechanical obstruction of the small 
intestine or one of the many other acute 
abdominal conditions which simulate it. 

Although the clinical symptomatology 
in this group of patients is varied, the vast 
majority are referred to the Radiology 
Department with the request to “rule out 
small bowel obstruction." However, an 
obstruction of the small intestine cannot 
be "ruled out" merely because the plain 


roentgenograms are normal, and it cannot 
even be "ruled in" by abnormal but 
noncharacteristic plain roentgenographic 
findings. Therefore, we believe that it is 
in the best interest of the patient to use 
barium sulfate in a more aggressive diag- 
nostic approach to these urgent diagnostic 
problems. Such an approach not onlv an- 
swers the question of a mechanical obstruc- 
tion, but frequently clarifies the exact na- 
ture of many obstructing and nonobstruct- 
ing diseases of the small intestine. 


METHOD OF STUDY 


No special equipment is required. If the 
plain roentgenograms and clinical history 
do not raise the question of a perforated 
hollow viscus or an obstructing lesion in 
the colon, the patient is encouraged to 
ingest about 300-400 cc. of any well sus- 
pended commercially available barium 
sulfate preparation. If the plain roentgeno- 
grams raise the question of an obstruction 
of the colon, a barium enema examination 
is done to clarify this possibility before the 
patient ingests the barium suspension. 
Fluoroscopic examination of the esophagus, 
stomach and duodenum is usually not nec- 
essary because the clinical symptomatol- 
ogy usually does not point to these organs 
as the site of the lesion which is producing 
the clinical picture of an “acute abdomen." 
Serial roentgenograms of the abdomen are 
usually obtained in the prone position (if 
not too uncomfortable for the patient) at 
intervals of approximately 1 hour, but mav 
vary from 15 minutes to 3 hours, until the 
lesion 1s found or barium passes into the 
cecum. 

Fluoroscopic examination and spot roent- 


* Presented at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 26-29, 1967 
From the Department of Radiology, the Ohio State University Hospital, Columbus, Ohio. 


+ Professor and Chairman. 
t Professor. 
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genography of the barium-filled small in- 
testine, although usually unnecessary, are 
sometimes of great value (Fig. 277; and 34) 
in clarifying the reason for a dilated loop 
or other suspicious appearance as seen on 
one or more of the serial roentgenograms. 
The superimposition of numerous normal 
or dilated loops of small bowel will fre- 
quently obscure a lesion which can some- 
times be easily identified if compression 
spot-roentgenographic techniques are used. 
If contrast material is moving very slowly 
from the stomach into the small intestine, 
or if its transport through the small intes- 
tine becomes slow or comes to an apparent 
stop, the period between serial roentgeno- 
graphic examinations may be increased to 
2 or 3 hours (or even longer) in order to 
avoid unnecessary discomfort to the pa- 
tient. 

Although it is preferable to make a diag- 
nosis as soon as possible, and hopefully 
within 1 to 6 hours, the radiologist will fre- 
quently be able to continue his filming pro- 
cedures for longer periods of time if the 
clinical condition of the patient precludes 
immediate surgery, or if the lack of a 
specific clinical diagnosis understandably 
causes equivocation, particularly ifthe 
patient starts to improve, as occurs in some 
partial obstructions. Although a long time 
Is required to obtain a correct clinical and 
roentgenologic diagnosis, the eventual pos- 
itive identification of an underlying etio- 
logic mechanism gives added impetus and 
urgency to the necessary corrective sur- 
gery, or allows the physician to more con- 
fidently concentrate on the appropriate 
medical management if the lesion is one 
which does not require surgery. 


RESULTS 


'T he diagnosis of obstruction of the small 
intestine or paralytic ileus can be made 
with some confidence in only about one- 
third of our patients who have abnormal 
plain film roentgenographic findings. In 
such cases, relatively reliable roentgeno- 
graphic gas patterns are present, whereas 
reliable diagnostic findings of strangulation 
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(volvulus, intussusception, etc,» 19.15.55.3625,95) 
are present in a much smaller number of 
our patients. Although it 1s not necessary 
to study patients with such characteristic 
findings with an opaque contrast medium, 
we now urge our clinical colleagues to let 
us give a barium sulfate suspension orally 
to those patients whose plain abdominal 
roentgenograms and clinical studies are not 
helpful in making a specific diagnosis. As a 
result of this practice many specific etio- 
logic diagnoses have been made in this 
group of patients, whereas in other cases 
the barium suspension merely makes it 
possible to recognize more readily the in- 
direct, but important, signs of intestinal 
obstruction, or demonstrate a normallv 
patent lumen. 


I. THE DEMONSTRATION OF 
SPECIFIC LESIONS 


I. ADHESIONS 


Probably the most satisfying outcome of 
a more aggressive approach has been the 
identification of those complete or high- 
grade partial mechanical obstructions due 
to adhesions. The specific diagnosis of ad- 
hesions as the etiologic mechanism 1s made 
possible by visualizing the lumen at the 
precise point where the adhesion produces 
the characteristic extrinsic linear compres- 
sion deformity (Fig. 1,7). The caliber of the 
lumen and peristalsis of most of the small 
intestine proximal to the lesion may be 
relatively normal in such cases, although 
the lumen immediately proximal to the ob- 
struction is usually dilated and club- 
shaped. Many such obstructions can be 
readily identified by study with a barium 
sulfate suspension, as we have recently re- 
ported.” 


2. NEOPLASMS 


Good in an authoritative study of 659 
neoplasms of the small intestine found that 
42 per cent of the patients had clinical 
symptoms, and more than two-thirds of 
these symptoms were those of obstruction. 
It is thus understandable that primary 
neoplasms of the small intestine are usually 
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Vic. 1. (4) Marked discrepancy in club-shaped dilated loop of terminal ileum (1) and "unused" normal- 
caliber ileum (2) distal to the typical transverse extrinsic compression defect (arrows) caused by an 
adhesion. (B) Although the obstructed point is not seen, the startling difference in caliber between the 
dilated loop of jejunum and normal loops of ileum is characteristic of a partial mechanical obstruction. In 
this case it was an adhesion. Note the 6 cm. diameter of a dilated loop of the jejunum (arrows). 


not correctly diagnosed before operation, 
inasmuch as the use of opaque media is 
usually avoided when the symptoms of ob- 
struction exist. However, if barium sulfate 
Is used, primary neoplasms of the small 
intestine can be identified (Fig. 277) with 
the same degree of success as when examin- 
ing similar lesions in other hollow viscera 
such as the esophagus, stomach or colon. 

The identification of intussusception of 
the small intestine in an adult is almost 
always due to a neoplasm, and the poly- 
poid neoplasm causing the intussusception 
can occasionally be demonstrated (Fig. 
45). Metastatic lesions can also produce 
the symptoms of partial obstruction of the 
small intestine, and the roentgenologic 
examination of such patients will some- 
times show multiple variable-sized lesions 
indenting one or several barium-filled loops 
of small intestine (Fig. 2B). Since this ab- 
normal appearance involving more than 
one loop seems quite specific for metasta- 
tic disease," the clinical management can 
be more rational when such roentgenologic 
evidence is at hand. 


3. VASCULAR LESIONS 

Vascular lesions of the small intestine 
1,552555 can produce acute abdominal 
symptoms which often mimic an obstruc- 
tion of the small intestine. Some of 
these vascular obstructions may produce 
necrosis of the small intestine, whereas 
intramural hemorrhages due to trauma 
or hemorrhagic diatheses are frequently 
reversible. The identification of "thumb 
printing"? and marked edema of otherwise 
intact mucosal folds (Fig. 3.7) should 
suggest the possibility of intramural sub- 
mucosal hemorrhage when seen in patients 
with hemorrhagic diseases or those who 
are on anticoagulant therapy. [n other 
cases a segmental infarct may be rever- 
sible,” the end result often being a rather 
typical short stenotic segment of small in- 
testine (Fig. 35). The demonstration of a 
reversible lesion in a patient with acute 
abdominal symptoms which mimic an in- 
testinal obstruction will often justify a con- 
servative medical therapeutic approach to 
the underlying hematologic disorder, rather 
than premature surgical intervention which 
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Fic. 2. (4) A typical annular “apple core" appearance (arrows) of primary carcinoma of the jejunum is 
shown. The large serial roentgenogram raised the question of a lesion and this compression spot roentgeno- 
eram clarified the diagnosis. (B) Multiple extrinsic indentations (arrows) of the jejunum due to metastatic 
carcinoma implants are demonstrated. The indentations when seen tangentially (lower arrows) are easy to 
recognize, whereas those seen ez face resemble intraluminal polyps (upper arrows). 


Fic. 3. (4) The typical “thumb-printing” (arrows) of submucosal hemorrhage is seen in this somewhat 
rigid-appearing loop of jejunum. Note the moderate degree of dilatation proximal to the involved loop. 
(B) The conical shape of a long stenotic segment of jejunum in which the valvulae conniventes are not ap- 
parent is said to be typical of a reversible infarct (arrows). Note the moderate dilatation of the jejunum 
proximal to the lesion indicative of a partial obstruction. 
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is usually not necessary unless the clinical 
course indicates impending necrosis. 


4. CLOSED LOOP OBSTRUCTION 


We have occasionally been able to dem- 
onstrate a closed loop type of obstruction 
in patients in whom the closed loop con- 
tains no gas or so little as to make diagno- 
sis impossible on plain abdominal roent- 
genograms. Although the plain film roent- 
genographic findings are sometimes typi- 
cal for a closed loop type of obstruction 
("pseudo-tumor sign," “coffee bean sign," 
etc.), it must be remembered that fluid- 
filled loops may not be apparent on the 
plain roentgenograms, as has been empha- 
sized by Williams.” If the barium suspen- 
sion can enter such a partially obstructed 
fluid-filled loop, it may be possible to iden- 
tify the partially obstructed proximal and 
distal ends of the loop so that the nature 
of the obstruction can be recognized. If the 
point of obstruction is intact, and the 
lumen is indented by extrinsic linear bands 
(Fig. 4/7), the presence of an adhesion can 
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be postulated as the etiologv of the closed 
loop. 

The identification of a single short sym- 
metric stenotic lesion should raise the 
strong possibility of a small bowel ulcer. 
Schwartz et. al.” have suggested the oral 
ingestion of thiazide diuretic agents and 
enteric coated potassium chloride tablets 
as the likely cause of the localized vascula: 
compromise which leads to the ulcer and 
subsequent stenosis in such cases. 


Ç. INFLAMMATORY DISEASES 

Occasionally a patient with regional 
enteritis will enter the hospital for the first 
time because he develops signs and symp- 
toms of intestinal obstruction. Multiple 
stenotic areas of the small intestine are 
occasionally encountered when such pa- 
tients are studied. When loops of variable 
caliber are seen between the stenotic 
areas, and some of these loops are consider- 
ably distended, the appearance is quite 
characteristic for the stenotic phase of 
chronic regional enteritis (Fig. 58). In 


= a 


Fıs. 4. (4) The trapping of a large amount of barium in a partially obstructed closed loop (small arrows) 
caused by adhesions which had partly occluded both ends of this loop of jejunum (large arrows) is shown. 
Such closed loop obstructions frequently become strangulated due to rapidly increasing distention and sub- 
sequent compression of the vascular supply to the loop. (B) Typical appearance of an intussuscepting 
polypoid fibroma (black arrows) of jejunum. Note markedly narrowed lumen of the in tussusceptum (white 
arrows) and faint evidence of ""coil-spring" appearance due to tiny amounts of barium between valvulae 
conniventes of the lumen of the intussuscipiens. When such a picture is seen, strangulation is present or 
imminent. Note the marked dilatation of the jejunum proximal to the intussusception. 
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ic. 5. (4) Long “string sign” (arrows) of a loop of distal ileum in this 21 year old man is typical of regional 
enteritis. The patient had the small bowel examination because of a sudden onset of cramping abdomi- 
nal pain. (B) Multiple short smoothly outlined stenotic segments similar to the one shown in 4 (between 
arrows) were demonstrated in other segments of the small intestine on subsequent serial roentgeno- 
grams. The presence of several such strictures is typical of the stenotic phase of regional enteritis. Note 
the large caliber of the short segment (x) immediately proximal to the partly obstructing stenotic area 
where the gradually occurring obstruction has caused considerable muscular hypertrophy and dilata- 
tion. This patient's symptoms were those of a mechanical obstruction, and regional enteritis was not sus- 


pected until the small bowel examination was done. 


other patients, the visualization of a nar- 
row tapered area of destroyed mucosa 
(the "string sign") proximal to a point of 
partial obstruction will help to identify the 
obstructive symptoms as being due to 
Bf y. 


regional enteritis (Fig. 


— 


II. THE DEMONSTRATION OF IM- 
PORTANT INDIRECT SIGNS OF 
MECHANICAL OBSTRUCTION 

I. DISTENDED FLUID-FILLED LOOPS NOT VISIBLE 

ON THE PLAIN ROENTGENOGRAM 

When the small bowel is markedly dis- 
tended and full of fluid? the plain film 
roentgenograms may be surprisingly nor- 
mal or show very little in the way of air- 
fluid levels because of the small amount of 
gas present. The oral administration of 
barium to such patients makes it possible 
to recognize the enormous amount of fluid 
and electrolytes sequestered in these seg- 


(a 


ments. Although the opaque medium ın 


such cases will usually become dispersed 
in and diluted by the large volume ot 
liquid luminal contents, the latter become 
well enough opacified for the caliber of the 
lumen to be clearly seen, even if a minimal 
amount of opaque medium enters the fluid- 
filled loops. The ensuing contrast, although 
sometimes not good, nevertheless provides 
dramatic evidence of important pathologic 
physiology which cannot be recognized 
clinically or on plain film roentgenograms. 
This is particulary true in those obstruc- 
tions in the proximal portion of the small 
intestine where fluid accumulates so rapidly 
(gastric secretions, bile, pancreatic secre- 
tions, sucus entericus, etc.) and reabsorp- 
tion of fluid and electrolytes is minimal, in 
contrast to the ileum where fluid and elec- 
trolytes can be reabsorbed. 

If only a small amount of barium sul- 
fate enters the fluid-filled lumen, its inert 
nature and weight will often cause it to 
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Fic. 6. (4) Although only tiny amounts of barium sulfate may enter a distended fluid-filled loop over a period 
of several hours, it will often settle between the most redundantly located valvulae conniventes. The re- 
sulting linear parallel collections of barium (arrows) indicate a considerable degree of dilatation even 
though the caliber of the loop is otherwise not appreciated because of the large amount of fluid. Such slow 
progress of barium from the stomach into the small intestine should raise the question of strangulation, 
although it is not diagnostic of such a condition. This patient had a ruptured appendix around which the 
omentum had become adherent. Adhesions to an adjacent loop of small bowel had caused a mechanical 
obstruction. It is possible that the toxic condition of the patient had caused a loss of bowel tonus similar to 
that which accompanies strangulating obstruction. (B) Different patient. This roentgenogram was made 7 

hours after barium sulfate was given. The patient had a longstanding mechanical obstruction, but was also 

toxic due to uncontrolled diabetes and an abdominal wall abscess which had been drained a few days earlier 

(note Stay sutures). At operation the appendix was found to be perforated and a mechanical obstruction 

had been caused by an adhesion which had formed between the resulting walled-off inflammatory mass and 

an adjacent loop of ileum. Here too, the toxic state of the patient may have caused a loss of tonus of the 
small intestine. 


accumulate in the most redundant areas 
so that the caliber of the lumen and the 


fully parallel symmetric appearance of the 
valvulae conniventes stretching all the way 


valvulae conniventes can be recognized 
(Fig. 6, 4 and B). Furthermore, enough 
may progress distally to outline the ob- 
struction. However, if the point of ob- 
struction cannot be identified, the pre- 
sence of a mechanical obstruction becomes 
almost certain when such enormously di- 
lated fluid-filled segments of small intes- 
tine are observed. The surgical therapy 
can then be planned promptly. 


2. THE “STRETCH SIGN" IN FLUID-FILLED Loops 
OF SMALL INTESTINE 
When markedly distended fluid-filled 
loops of bowel become well opacified with 
a barium sulfate suspension, the beauti- 


across the lumen can be seen (Fig. 7, Z and 
B). This is the so-called "stretch sign" 
which is thought to be diagnostic of the 
type of distention of the small intestine 
due to a mechanical obstruction. This sign 
is said not to occur in paralytic ileus, in 
which condition the paralysis of the muscu- 
laris mucosae is said to result in the flat- 
tening or complete disappearance of the 
valvulae conniventes.!*:!8 


j. THE "STRING OF BEADS” SIGN 


= 


The presence of small amounts of gas in 
a dilated fluid-filled lumen may result in 
the "string of beads" sign described by 


Frimann-Dahl. This finding is seen on 
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Fic. 7. (4) Roentgenogram shows markedly dilated loops of jejunum in patient with high-grade obstruction 
of the jejunum at the point of an end-to-end anastomosis (arrows indicate metal clips) which had been done 
about 7 days previously, following the resection of a short segment of small bowel which was infarcted be- 
cause of mesenteric venous thrombosis. Plain film roentgenograms were of equivocal significance. (B) A 
complete mechanical obstruction (arrows) of jejunum due to a primary carcinoma is demonstrated. This 


markedly dilated loop of jejunum was not suspected on the basis of the plain film roentgenograms of the 
abdomen and illustrates the value of barium sulfate when the obstructed dilated loops are full of fluid and 
do not contain enough air to form air-fluid levels of diagnostic significance. At the point of obstruction note 
the somewhat nodular appearance so suggestive of a malignant neoplasm. 


roentgenograms made in the erect position 
and is due to small air collections trapped 
between the valvulae conniventes in the 
uppermost part of the distended loops 
of small intestine (Fig. 8). Although this 
has only been described heretofore 


sign 


in terms of a row of tiny gas bubbles, 
it should also become evident when tiny 
amounts of opaque medium gravitate into 
the most redundant small spaces between 
the valvulae conniventes of distended fluid- 
filled loops of small intestine which do not 
contain enough air to show the sign. Just 
as tiny amounts of air can show the sign, 
so should tiny amounts of the barium sus- 
pension result in the demonstration of the 
sign. On roentgenograms made in the re- 
cumbent position we have seen small bar- 
ium collections along the most redundant 


margins of distended fluid-filled loops 


(Fig. 65). 


4. THE PRESENCE OF FIXATION 


OF A GIVEN LOOP 

The maintained partial or complete 
opacification of a dilated loop of small in- 
testine affords an opportunity to clearly 
identify and study the behaviour of this 
same loop on serial roentgenograms or 
when the patient's position 1s changed. It 
should be remembered that loops which do 
not change position when the patient’s 
position is changed from recumbent to 
erect are often incarcerated by adhesions 
or in an internal hernia.^ This observation 
can be of great importance because of the 
likelihood of actual or impending strangu- 
lation. Furthermore, when the barium col- 
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umn progresses readily into the small in- 
testine over a several hour period, follow- 
ing which it fails to progress further, it 
can be assumed that a point of mechanical 
obstruction has been reached (Fig. 9, 4 


and 5). 


§. THE PRESENCE OF PERISTALSIS 
AND MOTILITY 


It is sometimes possible to determine if 


peristaltic activity is present by examining 
the same barium-filled loops of dilated 
small intestine on serial roentgenograms 
just as this fact can be similarly ascer- 
tained by examining multiple roentgeno- 
grams of a barium-filled stomach. The 
presence of peristaltic activity in or proxi- 
mal to dilated loops of small intestine is 
important because it almost certainly 
means that the dilated loops are due to a 
mechanical obstruction, even if the point 
of obstruction is not seen. Such a finding 
strongly militates against an advnamic 


Fic. 8. Tiny air collections (arrows) located between 
the uppermost portions of the lumen, between the 
valvulae conniventes, cause the "string of beads” 


sign which is said to occur only in dilated loops of 


bowel which are almost entirely full of fluid, as in 
this patient with a mechanical obstruction of the 
jejunum due to adhesions. 
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cause for significantly dilated loops of small 
intestine. The ease with which peristaltic 
activity can be recognized in the dilated 
barium-filled lumen is in contrast to the 
invisibility of peristalsis in air-containing 
loops of dilated small intestine, and is a 
further argument in favor of the use of bar- 
ium sulfate when studying suspected in- 
testinal obstruction. Unfortunately, al- 
though clearly recognizable peristaltic aC- 
tivity in dilated loops of small bowel indi- 
cates a mechanical obstruction, it is usually 
not possible to determine if hypotonic or 
hypomotile small intestine is due to adyna- 
mic ileus, or whether it is due to the fa- 
tigued adynamic state which often occurs 
proximal to a simple nonstrangulating 
mechanical obstruction which has been 
present for several days. Thus, the lack of 
identifiable peristalsis does vot rule out a 
mechanical obstruction, nor is it diagnos- 
tic of paralytic ileus in the usual sense. 


6. THE DISPARITY IN CALIBER BETWEEN CONTIGUOUS 
LOOPS OF SMALL INTESTINE 


The opacification of the lumen of the 
small intestine also permits the recogni- 
tion of one of the most interesting and im- 
portant signs of mechanical obstruction; 
1.e., a sudden disparity between proximally 
located distended loops of the small intes- 


tine and the more normal caliber of dis- 
tally located loops. This finding can be 
recognized even though the exact point of 
obstruction may not be apparent. When 
this discrepancy in caliber is seen, it is 
virtually diagnostic of a partial mechanical 
obstruction (Fig. 1B) because it is un- 
likely that such a relatively abrupt transi- 
tion in caliber of contiguous loops is due 
to a localized segmental paralvtic ileus, 
which would not be expected to cause 
significant dilatation of one segment of 
the small intestine with a relatively 
abrupt diminution in caliber of the distal 
portion of this segment. This is the tvpe 
of case in which fluoroscopically controlled 
compression views are particularly useful 
in clarifying such a disparitv in caliber 
when it is seen on several serial roentgeno- 
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FIG. 9. 


diluted in the moderately distended loop of small intestine 21 hours after its administration 


ev W. Nelson and Anthimos J. Christoforidis 


This patient is the same as illustrated in Figure 67. 


NOVEMBER, 1968 


) 


(4) The barium sulfate suspension is somewhat 
. Note the 


rounded collection of barium (x) immediately distal to the main column. The interruption in the continuity 


of the barium column here is somewhat suggestive of the "snake-head" 


appearance. (B) This subsequent 


roentgenogram (and others) showed exactly the same appearance which was diagnosed as being due to a 
partly obstructing adhesion proximal to a short loop of small bowel w hich was completely obstructed dis- 
tally by adhesions due to a recently perforated appendix. When such loops remain exactly the same in ap- 
pearance on multiple roentgenograms, it is easy to clearly identify an obstruction. 


grams. If this is not convenient, the tech- 
nologist can be taught to place the patient 
in the prone position on a large soft gauze 


pad which helps to separate overlying loops 


of bowel during serial roentgenography. 


Another interesting manifestation of a 
mechanical obstruction is a disparity in 
caliber between loops of small intestine 
which occupy the same general area of the 
abdomen; 7.e., normal and distended loops 
are superimposed in the same area. In such 
cases the many normal loops of jejunum 
seen on early serial roentgenograms 
10,7) give no clue to the fact that later 
serial roentgenograms will show many 
markedly distended loops of ileum in the 
same area (Fig. 108). Since normal and 
dilated loops of small bowel OCCUPY the 
same general area of the abdomen, 
unlikely 


(Fig. 


It seems 
that the usual causes for adyna- 
mic ileus could be implicated, particularly 
if the distal end of the barium column be- 
comes arrested in the dilated loops of the 


small intestinal tract (Fig. 104). 

When there is apparent dilatation of the 
entire small intestine (Fig. 1177) without 
an obvious point of dba or dispar- 
ity in caliber, it is understandable 
about the differentiation between para- 
lytic ileus and mechanical obstruction. 
However, the presence of a mechanical 
obstruction of the small intestine becomes 
obvious if a small amount of barium enters 
a colon which apparently has normal func- 
tion as manifested by its ability to dehy- 
rate the barium. Furthermore, this dehy- 
drated barium may outline a small caliber 
("unused") colon (Fig. 115) which occu- 
ples the same general area where the pre- 
viously dilated loops of small bowel were 
located. Here again, it seems logical on 
theoretical grounds to believe that colon 
and small intestine doth would be dilated 
if one of the usual causes for paralytic 
ileus (e.g., generalized peritonitis or post- 
operative ileus) were causing this degree of 


to worry 





l16. 10. Dramatic change in caliber is revealed as barium progresses through the normal jejunum (4) 1 hour 
after administration and later enters a considerably distended ileum (B) 13 hours after administration. 
Ordinarily the caliber of the jejunum is greater than that of the ileum, whereas the ileum seen here is con- 
siderably dilated due to a mechanical obstruction caused by an adhesion. It is notable that there was no 
further progress of the barium through the dilated distal part of the small bowel. Another interesting fea 
ture of this case is the fact that the many loops of dilated ileum lie contiguous to the normal loops of je- 
junum because both occupy the same position in the abdomen. (Note their relationship to 2 metallic clips 
[arrows] from a previous pyloroplasty.) This striking variation in caliber of loops occupving the same area is 
indicative of mechanical obstruction rather than paralytic ileus. 


dilatation of the small intestine. We have 
seen this indirect sign of mechanical ob- 
struction of the small intestine several 
times and it has not failed us vet. 


III. THE DEMONSTRATION OF INDIRECT 
SIGNS OF STRANGULATING OBSTRUCTION 
I. ATONICITY OF STOMACH AND SMALL INTESTINE 

IN PATIENTS WITH SHORT HISTORY 
OF ACUTE ABDOMINAL SYMPTOMS 


The presence of a strangulating obstruc- 


tion of Io to 12 hours’ duration is one of 


the most important causes for an atonic 
stomach? and small intestine. However, 
in this condition the atonicity of the stom- 
ach and small intestine proximal to the 
lesion is probably due to the nonspecific 
severe systemic effects of the strangula- 
tion rather than to an accompanying mech- 
anical component of the obstruction, inas- 
much as a complete nonstrangulating 
mechanical obstruction of the small intes- 


tine may exist for 3 or 4 days without a 
noticeable loss of peristaltic activity. Nev- 
ertheless, if a patient enters with a history 
of severe abdominal pain of less than 1c 
to 12 hours' duration, and has little or no 
roentgenologic evidence of peristaltic ac- 
tivity in the barium-filled unobstructed 
stomach, as evidenced by little or no bar- 
ium distal to the stomach (Fig. 6,4 and B), 
the possibility of a strangulating-type 
obstruction should be strongly considered. 
However, other causes for paralytic ileus 
would also have to be kept in mind, since 
the stomach can often become atonic in 
patients with pancreatitis, renal colic, ab- 
dominal trauma, pneumonia, etc. 


2. MARKEDLY DILATED FLUID-FILLED LOOPS 


Whereas minimal to moderate degrees 
of dilatation are associated with paralytic 
ileus, moderate to severe degrees of dilata- 
tion are more characteristic of mechanical 
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lic. 11. (4) Even though only a portion of the barium progresses beyond the point of obstruction (an ad- 
hesion here) which may not be identified, it will often be enough to outline a normal colon which retains its 
ability to dehydrate and retain barium. This observation proves that the extensive small bowel dilatation 1s 
due to a mechanical obstruction rather than paralytic ileus, which, when of this extent, would also be ex- 
pected to involve the colon and produce distention rather than the "unused" appearance seen here. Note 
residual dilute barium outlines fluid-filled loops of distended small intestine proximal to the obstruction, in 
contrast to the more dense inspissated barium located in the cecum, and the ascending, transverse and 
descending portions of the colon. (No barium had been given per rectum.) (B) Another patient with a par- 
tial mechanical obstruction of the small intestine and a normally functioning colon w hich inspissates the 
small amount of barium (note descending colon indicated by x) which enters it, thus substantiating the 
presence of a mechanical obstruction rather than paralytic ileus. There is residual barium in the distended 
small intestine proximal to the obstruction, which was due to adhesions. Note that in these 2 cases there 
was not seen any discrepancy in size between any of the visualized loops of small intestine which were gen- 
erally dilated. The striking discrepancy is the difference in caliber of the dilated small intestine and the 
small “unused” colon. Although such roentgenograms are not "pretty," they are highly diagnostic of the 
pathophysiology! 


obstructions. It should also be remembered 
that increasing distention of the small in- 
testine increases the likelihood that the in- 
traluminal pressure will reach levels which 
might compromise the circulation in the 
wall of the small intestine. Thus, in long 


appearing loops of fluid-filled small intes- 
tine (Fig. 7, Æ and B), the possibility of 


certain important strangulation of these 
loops should be kept in mind. 


3. CLOSED LOOP OBSTRUCTION 


standing cases of simple nonstrangulating 
obstruction, the circulation can become so 
compromised that necrosis can occur. Such 
extreme degrees of dilatation are easy to 
recognize on plain film roentgenograms if 
there is enough air in the fluid-filled loops, 
but when the dilated loops are full of fluid 
they are difficult to recognize on roentgeno- 
grams. Thus, when barium helps to 
identify such grotesquely dilated atonic- 


This has been mentioned previously as 
a specific type of mechanical obstruction 
which can be recognized following the ad- 
ministration of a barium sulfate suspension 
(Fig. 44). Although a closed loop obstruc- 
tion need not necessarily be strangulated, it 
is so frequently strangulated that strangu- 
lation or impending strangulation should 
be assumed to exist, just as similar assump- 
tions are made when plain film roentgen 
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findings of closed loop obstruction are ob- 

«€ »» : 5 cc 
served ("pseudo-tumor" sign, “coffee 
bean" sign” of volvulus, etc.). 


4. LOSS OF MUCOSAL PATTERN 
IN A DILATED LOOP 

Although a mechanical obstruction can 
cause such marked dilatation that there 
will be an eventual loss of the valvulae 
conniventes, these structures are usually 
present and visible when the distention ot 
the small intestine is due to a mechanical 
obstruction. Thus, a loss of visibility of 
the valvulae conniventes in cases of long- 
standing mechanical obstruction might 
indicate strangulation caused by a previ- 
ously mentioned impairment of the intra- 
mural blood supply due to the long standing 
marked distention. On the other hand, the 
lack of visible valvulae conniventes in only 
moderately dilated loops of jejunum should 
alert the radiologist to the possible exis- 
tence of paralytic ileus and subsequent loss 
of tone of the muscularis mucosae which 
occurs in the presence of a strangulating 
obstruction. We do not have proven ex- 
amples of this phenomenon, but it is men- 
tioned because it will undoubtedly be ob- 
served as more patients are given barium 
sulfate orally in the study of the acute ab- 
domen. 


$. FIXATION OF A LOOP OR LOOPS 
OF SMALL INTESTINE 


If single dilated loops of small intestine 
do not change in position when roentgeno- 
grams are made in different positions, the 
possibility of a strangulating obstruction 
due to incarceration should be suspected. 
We have not attempted to evaluate this 
diagnostic sign, but intend to re-study our 
material in an effort to do so. It should be 
quite amenable to study in the case of 
loops which contain barium sulfate. 


IV. PARALYTIC ILEUS 


In our experience a confident roentgen- 
ologic diagnosis of paralytic ileus in the 
every-day study of plain film roentgeno- 
grams is usually difficult, if not impossible, 
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because of the nonspecific nature of the 
signs. Many nonobstructing intra-abdomi- 
nal diseases produce some degree of para- 
lytic ileus, the symptoms of which are 
superimposed over those produced directly 
by the lesion itself; e.g., pancreatitis, cho- 
lecystitis, appendicitis, etc. Probably the 
most commonly encountered roentgen- 
ologic findings in pure uncomplicated para- 
lytic ileus are multiple small to moderate 
sized air-fluid levels scattered throughout 
portions of the small bowel and colon. Such 
changes frequently involve a few localized 
loops of small intestine contiguous to the 
causative lesion, although loops more re- 
mote from the lesion may be involved. 
Unfortunately, such appearances are also 
observed in early or incomplete mechanical 
obstructions. It is in such cases that a small 
bowel study with barium sulfate can be of 
some help. Although the underlying pri- 
mary lesion which produces the paralytic 
ileus may sometimes be identified clinically, 
in the less obvious case the demonstration 
of a patent small intestine at least rules 
out the important and worrisome possi- 
bility of a mechanical obstruction. When 
the aforementioned nonspecific findings 
are seen on plain film roentgenograms, 
we believe that they are due to paralytic 
ileus if the ingested barium reaches the 
cecum without demonstrating any of the 
aforementioned direct or indirect signs of 
mechanical obstruction of the small intes- 
tine. 

It is astonishing how frequently patients 
with multiple air-fluid levels, slight disten- 
tion, etc. can show a normal or relatively 
normal transit time from stomach to cecum. 
If the barium sulfate suspension flows nor- 
mally through the small intestine, and 
shows merely a few scattered slightly di- 
lated loops without any of the previously 
described signs of mechanical obstruction, 
it seems logical to assume that there is a 
disturbance in function due to neuromus- 
cular or vascular causes; i.e. paralytic ileus. 
Such scattered and equivocally dilated 
loops of small intestine may be observed 
in patients with paralytic ileus from 
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such varied causes as cholecystitis, pan- 
creatitis, appendicitis, acute gastroenteri- 
tis, massive gastrointestinal bleeding, peri- 
toneal metastases, scleroderma, drug reac- 
tions, and postoperative paralytic ileus. In 
such instances a positive diagnosis of “‘no 
mechanical obstruction" becomes impor- 
tant in clinical management, even though 
the roentgenologic diagnosis of the under- 
lying etiologic mechanism which caused the 
paralytic ileus has not been made. 


DISCUSSION 


By the time he published the first edition 
of his classical monograph in 1951, 
Frimann-Dahl? had already been using 
small (**2 dessert-spoonfuls or, at the most, 
half a tumbler full") of barium orally in the 
study of acute abdominal conditions when 
the plain film roentgen findings were not 
diagnostic. Although he clearly empha- 
sized the safety of this method,® American 
surgeons and radiologists remained curi- 
ously aloof to this excellent extension of 
their diagnostic armamentarium, and con- 
tinued to rely on plain film roentgenograms 
and clinical methods. Since they were ob- 
viously afraid that the barium would be- 
come inspissated proximal to a bowel ob- 
struction, the introduction of the water- 
soluble iodinated contrast media was 
welcomed because it precluded this event. 
We studied in animals the comparable 
safety and value of a barium sulfate sus- 
pension and water-soluble iodinated con- 
trast medium!?2* and found that barium 
suspension was evtirely safe, and often 
spectacularly diagnostic of intestinal ob- 
struction, Furthemore, it was less harmful 
than the iodinated contrast medium which 
was also clearly less effective in demonstra- 
ting the obstruction. 

Since these previous investigations in 
animals and more recently in man? have 
shown that there is no longer any legal or 
medical reason to refrain from the oral 
administration of barium sulfate, we have 
used the method with increasing frequency 
during the last 5 years whenever the clini- 
cal history or plain film roentgenograms 
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of the abdomen fail to clarify the diagnosis. 
To date we have not encountered a single 
incident in which the orally-given barium 
sulfate suspension has caused any recogni- 
zable harm to the patient or impaired the 
surgical management of the disease. 

The oral use of barium sulfate has fre- 
quently and promptly caused a spectacular 
clarification of the etiologic factors 1n- 
volved. For example, our animal studies 
taught us to recognize the configuration of 
the obstructed loop of bowel proximal to a 
nonstrangulating obstruction which had 
been produced by ligatures,? this being 
similar to the roentgenologic appearance 
of adhesions which we later learned to rec- 
ognize as characteristic extrinsic linear 
indentations of the small intestine at the 
obstructed point.” We also learned to rec- 
ognize peristaltic activity in the barium- 
filled dilated clubshaped  "snake-head" 
shaped segments of bowel proximal to a 
complete or partly obstructing lesion,” 
thus proving that the bowel was not para- 
lyzed, but still working to overcome the 
obstruction. 

We believe that the improvement in the 
speed and accuracy of roentgenologic diag- 
nosis which this method provides to pa- 
tients with a wide variety of acute abdomi- 
nal conditions justifies a brief presentation 
of our experience. After our early animal 
work in 1960 convinced us of the safety of 
the method, we have routinely used larger 
amounts of well suspended barium sulfate 
than that recommended by Frimann-Dahl. 
Miller and Brahme?! also recently reported 
their experience using larger amounts of 
barium sulfate, and emphasized the safety 
of the method and the improvement in 
their ability to diagnose intestinal obstruc- 
tion. 

When attempting to clarify the question 
of mechanical obstruction of the small in- 
testine using barium sulfate, the study 
should be carried out as soon as possible 
after the onset of symptoms, preferably 
within a few hours after the plain film 
roentgenographic studies have been made. 
Otherwise it may be difficult to correlate 
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the plain film roentgenographic findings 
with those discovered during the small 
bowel examination. Furthermore, it is as- 
tonishing how temporary some of the mech- 
anical obstructions can be. We have seen 
enormously dilated loops of small bowel 
(usually jejunum) become decompressed 
within a period of minutes if the obstruc- 
tion is suddenly relieved spontaneously or 
if the patient vomits profusely. Obstruc- 
tions due to adhesions are often intermit- 
tent and are probably complicated by 
temporary volvulus-like rotations of the 
distended loops of bowel proximal to the 
obstruction as they gradually accumulate 
gas and fluid and slide along the path of 
least resistance as they respond to gravity 
and distention. As increasingly strong per- 
istaltic waves attempt to overcome the 
obstruction, such patients experience in- 
creasingly severe bouts of cramping pain, 
until finally the growing strength of the 
peristaltic waves or positional factors (or 
both) straighten or untwist the twisted or 
kinked loop so that the obstruction is re- 
lieved, following which the barium-filled 
small bowel looks normal again. In many 
cases of such temporary obstruction the 
lack of a definite diagnosis usually leads to 
several subsequent admissions due to re- 
curring similar episodes. It would seem 
that earlier diagnoses in such cases would 
result in more effective and economical 
clinical management. 

The growing awareness of the likelihood 
of a prompt and accurate diagnosis fol. 
lowing the introduction of barium sulfate 
into the small bowel in patients suspected 
of having obstructive disease and the reali- 
zation that other acute abdominal diseases 
simulating mechanical distention can be 
successfully studied by this method has 
gradually resulted in its more frequent use 
in our institution during the last few years. 
Although the prompt specific roentgen- 
ologic identification of such lesions as we 
have illustrated represents a great improve- 
ment in diagnostic accuracy in those pa- 
tients being studied for suspected bowel 
obstruction or other lesions which must 
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be differentiated from obstruction, further 
diagnostic improvements will undoubtedly 
be made in the future. 


CONCLUSIONS 


In patients whose plain film abdominal 
roentgenograms are normal or equivocal, 
the peroral administration of barium sul- 
fate can often help to identify the specific 
nature of the underlying diseases which 
cause or simulate mechanical obstruction 
of the small intestine. Thus, adhesions, 
inflammatory strictures, neoplasms, diver- 
ticula, vascular lesions, etc. can be identi- 
fied. This method can also result in the 
demonstration of such 1mportant indirect 
signs of intestinal obstruction as marked 
dilatation, the "stretch sign," peristalsis 
in dilated small intestine, etc. These find. 
ings are of particular value when the plain 
film roentgenograms do not show the di- 
lated fluid-filled loops which do not con- 
tain enough air to show the conventional 
long air-Huid levels, etc. Such indirect 
findings can be of great help in identifying 
the problem as one of a mechanical obstruc- 
tion rather than paralytic ileus. Extreme 
dilatation and massive amounts of intra- 
luminal fluid in the small intestine suggest 
strangulation, as does the presence of a 
“closed loop” obstruction or intussuscep- 
tion. The absence of gastric peristalsis 
(nonemptying of an unobstructed stomach) 
in a patient with a relatively brief history 
(6-12 hours) of an acute abdominal disease 
should also suggest the presence of a stran- 
gulating type of obstruction. 


Sidney W. Nelson, M.D. 
Department of Radiology 
The Ohio State University 
410 West 10th Avenue 
Columbus, Ohio 435210 
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SMALL INTESTINE TRANSIT TIME IN THE 
NORMAL SMALL BOWEL STUDY* 


By SEUK KY KIM, M.D.f 


DURHAM, NORTH CAROLINA 


OÓNNERBLAD? stated that if one tries 
to form an opinion concerning the small 
bowel transit time by studying the litera- 
ture, one is struck by the divergent state- 
ments ranging from 1 to 8 hours. Review of 
the English language literature reveals that 
clinical investigation of the transit time of 
normal small bowel studies has never been 
reported, except for Lónnerblad's survey on 
school students. This report is intended to 
establish the pattern of small bowel transit 
time in normal studies. 


MATERIAL AND METHOD 


A total of 680 bowel studies of adult 
hospital and clinic patients over a 2 year 
period (1966-1967) was surveyed. From 
these, 315 ambulatory cases who had had 
normal small bowel studies were selected 
for evaluation of transit time. Cases 
excluded in this study were those having 
any disease which might affect the motil- 
ity of the intestine, as well as those who 
had had previous gastrointestinal surgery. 
Cases of healed gastroduodenal ulcer not 
causing obstruction were included; how- 
ever, cases of prolonged pyloric spasm 
were excluded. 

The signs and symptoms which led to 
examination of the 315 cases varied from 
vague abdominal pain, melena, weight 
loss, and change in bowel habits, to search- 
ing for an occult primary tumor. 

The sex distribution was 168 cases fe- 
male, and 147 male. The age range was 
from 19 to 8o years. The age distribution 
is shown in Table rr. 

Routine small bowel series were done 
using 40 per cent (by weight) U.S.P. 
barium sulfate in water mixture. After 
completion of the upper gastrointestinal 


examination with 8 ounces of the barium 
mixture, an additional cup of 5 to 8 ounces 
of the barium mixture at room tempera- 
ture was glven. Thereafter, a roentgeno- 
gram was made every 30 minutes until the 
barium reached the cecum. 

The transit time was measured from the 
time the second cup of barium was given, 
after completion of the upper gastrointes- 
tinal examination, until the time the col- 
umn of barium reached the cecum. The 
upper gastrointestinal examination was 
usually finished within 15 minutes. There- 
fore, a transit time of 30 minutes actually 
meant that approximately 45 minutes had 
elapsed since the first swallow of barium 
for the upper gastrointestinal examination. 
In the special case in which barium had 
reached the cecum upon completion of 
the upper gastrointestinal examination, a 
transit time of 15 minutes was assumed. 
This was noted in 17 cases among the 315 
normal studies. 


RESULTS 


Table r and Figure 1 show analyses of 
the transit times of 315 normal small bowel 
studies. The transit time ranged from 15 
minutes to 5 hours. It was 2 hours or less in 
83 per cent of the cases. Only 3 cases had a 
transit time of over 4 hours. The mean 
transit time was 84 minutes. 

The transit time in males was compared 
with that in females (Fig. 2). There was 
little difference seen in the pattern of the 
transit times. The mean transit time of the 
males was 89 minutes, and that of the fe- 
males was 8o minutes. The transit time 
of the younger age group consisting of ages 
1g through 39 was compared with that of 
the older age group, from ages 59 through 
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TABLE I 


TRANSIT TIME AND DISTRIBUTION OF CASES 
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80 (Fig. 3). The mean transit time of the 
vounger group was 80 minutes, and that 
of the older group was 87 minutes. This 
comparison again showed an insignificant 
difference. 


DISCUSSION 


The transit time of the small intestine 
varies considerably in different individuals. 
Some cases show a 15 minute transit time 
with 1 cup of barium, while others have 
a 5 hour transit time with 2 cups of barium. 
However, the majority of cases show a 
transit time of less than 2 hours. 


TABLE II 


AGE DISTRIBUTION 








Age (yr.) No. of Cases 





19-29 
39739 
40749 
50-759 
60-69 
70-80 


Total 





The Lónnerblad survey? on 109 students 
of ages 18 to 25 showed the following 
findings: a transit time of 2 hours was 
noted in 30 per cent of these cases; 10 per 
cent had a transit time of more than 5 
hours. The mean transit time was 178 
minutes, which is more than twice as long 
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lic. 1. Variation in transit time of 315 cases. Cases 
of 15 minute transit time are included in the o.« 
hour column. The majority of the cases have a 
transit time of less than 2 hours. 
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Fic. 2. Comparison of transit time by sex. The 
pattern of the transit time of males is similar to 
that of females. 


as those in our study. Lónnerblad's study 
showed a much greater delay in transit 
time, but the author believes this difference 
to be due chiefly to the amount of barium 
meal used. Lónnerblad used 200 cc. of 
barium meal, which is less than half the 
amount of barium meal used in each of our 
study. 

The mixing agent?^*? of the barium 
meal and the psychologic condition of the 
patient! affect the transit time. However, 1t 
appears that the major influential factors 
affecting the transit time of the small in- 
testine are the amount of barium ingested 
and the rate of gastric emptying. A small 
amount of barium meal may stay in the 
small bowel for hours with little advance. 
This survey shows that most small bowel 
studies can be finished within the 2 hours 
when 16 ounces of barium are used. 

During this survey, it was noted that a 
large amount of stool in the ascending 
colon often delayed transit time in the 
small intestine, and this was more notice- 
able in diabetic patients. 


SUMMARY 


'The transit time of normal small bowel 
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Fic. 3. Comparison of transit time by age group. No 
significant difference is noted in the patterns of 
transit time of the younger and older age groups. 


studies was analyzed in 315 adult cases. 
The transit time ranged from 15 minutes 
to £ hours. Eighty-three per cent of the 
cases had a transit time of less than 2 hours, 
and the mean transit time was 84 minutes. 
The transit time pattern was compared 
between male and female groups and 
younger and older age groups, revealing 
no significant differences. 
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INTUSSUSCEPTION IN SPRUE* 


By MICHAEL RUOFF, M.D.,f ARTHUR E. LINDNER, M.D., and RICHARD 
H. MARSHAK, M.D.$ 


NEW YORK, NEW YORK 


EVERAL case reports of intussuscep- 

tion in patients with sprue have ap- 
peared in the literature in recent vears.?^ 
A review of our material indicates that 
intussusception is not an uncommon find- 
ing in patients with sprue, and, when pres- 
ent, is a useful roentgenologic manifesta- 
tion that helps substantiate the diagnosis 
of the sprue pattern. 

The roentgen features in sprue are well 
established and highly specific and have 
been documented in a series of articles 
extending over many years. ®9 These in- 
clude dilatation, segmentation and frag- 
mentation of the barium column, and 
increased secretions. When special barium 
mixtures are employed in the small bowel 
examination, segmentation and flocculation 
are less marked, but the characteristic 


dilatation of the intestine is present and 


increased secretions are still apparent 
within the bowel lumen. The dilated loops 
of bowel are flaccid with little evidence of 
contractility. The fold pattern is thinned 
because of the dilatation, but may be 
within normal limits. 

The presence of intussusception, in 
addition to the above findings, enhances 
the reliability of the sprue pattern. The 
intussusceptions (Fig. 1 and 2) are charac- 
teristically nonobstructive with a typical 
coiled spring appearance and usually ex- 
tend over a short distance. They are transi- 
ent (Fig. 3 and 4) and therefore can easily 
be missed during the course of a single 
examination. Rarely this type of intus- 
susception may be seen in a normal small 
bowel. 


REPORT OF A CASE 


Intussusception in sprue may be sympto- 


lic. 1. Sprue. There is moderate dilatation of the 
mid and distal Jejunum associated with thinning 
of the valvulae conniventes. The intestinal loops 
are pliable and flaccid. An area of intussusception 
is seen in the midjejunum. 


matic. We have recently observed a 45 year 
old white male who presented with the sudden 
onset of severe upper abdominal pain lasting 
18 to 24 hours. Relief followed several episodes 
of emesis. Except for the finding of diffuse 
abdominal distention and tenderness, the phy- 
sical examination was unremarkable. 

There was no history of previous surgery, 
diarrhea or milk intolerance. He had complained 
for several years of intermittent epigastric dis. 
comfort, flatulence and softening of his stools 
but no diagnostic studies had been performed. 
He was treated supportively in the hospital. 


* From the Department of Radiology, Mount Sinai School of Medicine, New York, and the Department of Medicine, New York 


University School of Medicine, New York, New York. 
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Fic. 2. Sprue. There is minimal dilatation associated 
with moderate segmentation and fragmentation. 
An area of intussusception is seen in the left lower 
quadrant. 


A preliminary roentgenogram of the abdomen 
revealed dilatation of the small bowel loops 
which was interpreted as a paralytic ileus, 
possibly secondary to an acute pancreatitis. 
The patient made an uneventful recovery. Two 
weeks later he was sent for a gastrointestinal 
roentgenologic study. At this time the esoph- 
agus, stomach and duodenum were normal. The 
jejunum moderately dilated and the 
valvulae conniventes were thinned. The loops 
of bowel were flaccid and peristaltic activity 
was diminished. Multiple nonobstructive in- 
tussusceptions were identified in the distal 
jejunum and proximal ileum (Fig. 5, 4 and8). 
On fluoroscopy, the intussusceptions displayed 
the characteristic coiled spring appearance and 
persisted for several minutes. Increased secre- 
tions were present throughout the small bowel. 
The roentgen findings were typically those of 


sprue. 


Was 


Comment. It is interesting to speculate 
on the relationship of the pain and the 
presence of the multiple intussusceptions 
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that were observed. A persistent intussus- 
ception might produce sufficient mechani- 
cal obstruction to evoke the symptoms 
present on this patient's admission. Al- 
though most of the intussusceptions in our 
cases have been painless, the possibility 
that they produce abdominal pain and the 
picture of an acute abdomen should be 
considered. A small bowel biopsy per- 
formed in this patient several months later 
showed characteristic features of sprue. 
The mild present his 


symptoms before 


hospitalization have responded well to a 
gluten free diet. 


DISCUSSION 


The exact cause of intussusceptions 1s 
dificult to determine. The dilated bowel, 
disordered motor function and increased 
secretions may provide an irritable focus 
leading to the formation of an intussuscep- 
tion. Cortell e al. reported the disappear- 
ance of intussusception coinciding with 
clinical and roentgenologic improvement 
and suggested that weakening of the intes- 


ic. 3. Sprue. There is dilatation and increased 
secretions. An area of intussusception is identified 


in the right upper quadrant. 





Intussusception in Sprue 


FIG. 4. Sprue. There is minimal dilatation and slight 
increased secretions. An area of intussusception is 
seen in the left lower quadrant. 


tinal wall secondary to the disease might 
supply the starting point necessary for the 
intussusception. 

Although only about 5 per cent of cases 
of intussusception in infants and children 
can be ascribed to a demonstrable etiology, 
practically all intussusceptions in adults 
are associated with, and perhaps secondary 
to, other lesions. Lesions associated with 
Intussusception in the small bowel include 
a large variety of disorders, such as Mec- 
kels diverticula, benign and malignant 
tumors, patches of hypertrophied lymphoid 
tissue, ecules of heterotopic pancreas and 

inflammatory disease of the bowel.7:19.1: 
Ulcerations of the small intestine have 
recently been reported to occur in non- 
tropical sprue.” These ulcerations might be 
either an effect or a cause of intussuscep- 
tion. They may result from an intussuscep- 
tion that was more persistent than those 
usually seen or, alternatively, the ulcers 
themselves might provide the inflamma- 
tory focus that alters the normal peristaltic 


LM i^ 


pattern in such a way that an intussuscep- 
tion is formed. 
SUMMARY 


Asymptomatic and transient intussus- 
ception occurs frequently in sprue and mav 
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lic. 5$. Sprue. (4) There is slight dilatation and in- 
creased secretions. An area of intussusception is 


noted in the right upper quadrant. 


(B) Spot 


roentgenogram of area of intussusception. 
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be observed during the course of a small 
bowel examination. It is an additional 
roentgen feature which aids in the recog- 
nition of the sprue pattern. Rarely, intus- 
susception in sprue may assume clinical 
significance and be associated with abdom- 
inal pain. Recognition of the significance of 
this finding may prevent surgical interven- 
tion. 


Richard H. Marshak, M.D. 
1075 Park Avenue 
New York, New York 10028 


We are grateful to Dr. Milton Singer for 
allowing us to report the patient described in 
Figure 5, 4 and B. 
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DETECTION OF THE ZOLLINGER-ELLISON 
SYNDROME: THE RADIOLOGIST'S 
RESPONSIBILITY* 


By F. FRANK ZBORALSKE, M.D.,+ and JOHN R. AMBERG, M.D. 


SAN FRANCISCO, CALIFORNIA 


HE initial recognition of patients with 

the Zollinger-Ellison syndrome is pri- 
marily the responsibility of the radiologist. 
The pathophysiology of this syndrome 
leads to distinctive roentgenographic find- 
ings in the gastrointestinal tract. Although 
several reports +1218 have recorded some of 
the roentgenographic findings in this syn- 
drome, none has adequately emphasized 
the prominent changes of the small bowel 
beyond the duodenal bulb. Despite pre- 
vious hints of the importance of this pat- 
tern,” its appreciation has not been 
continued. Two recent reviews of the 
roentgenographic features in these cases 
stated that a consistent or diagnostic 
small-bowel pattern was not observed.‘ 


Our present observations are at variance 
with such statements. The abnormal post- 
bulbar and distal duodenum, the jejunum, 
and on occasion, the ileum, give the most 
informative roentgenographic evidence in 
the Zollinger-Ellison syndrome. It is the 


special attention to these areas that 
most often provides the key to the diagno- 
sis. This report is based on the roentgeno- 
graphic findings in 17 patients with the 
Zollinger-Ellison syndrome. 


HISTORY 


The role of the pancreas in peptic ulcers 
has been under study for many years. 
When pancreatic duct secretions were di- 
verted externally in animals, bowel ulcera- 
tion occurred. Originally the ulceration was 
stated to be secondary to the loss of alka- 
line secretion that neutralized the acid- 
pepsin secretion from the stomach. Later, 
this theory proved to be incorrect, since 
peptic ulcers did not appear after total pan- 


createctomy.” An ulcerogenic endocrine 
substance secreted by the pancreas was 
then postulated. 

In 1955, Zollinger and Ellison? described 
an apparent relationship between noninsu- 
lin secreting islet-cell tumors of the pan- 
creas and severe peptic ulcer diathesis. 

The clinical recognition of the Zollinger- 
Ellison syndrome led to an intensive search 
for the powerful stimulant of the parietal 
cell. Glucagon was originally suggested as a 
possibility?? but this was quickly disproved. 
Insulin was rejected as the causative agent 
as the tumor cells contained no beta gran- 
ules and hypoglycemia was not observed in 
patients with this syndrome. 

Currently, the evidence implicating the 
antral hormone gastrin as the compound 
secreted by the ulcerogenic pancreatic tu- 
mor or tumors is almost complete.! Excess 
of this hormone accounts for the abnormal- 
ities observed. It is most convenient and 
least confusing to consider the Zollinger- 
Ellison syndrome as a form of h ypergastrin- 
ism. 

Ellison and Wilson? currently have more 
than 600 cases in their registry. 


PATHOPHYSIOLOGY 


Gastrin is a normally occurring secreta- 
gogue that can be extracted from the an- 
tral mucosa of the stomach and small 
bowel. The cell or cells that produce gas- 
trin in these sites are not known. Normally, 
gastrin is released from the antral mucosa 
in response to local stimulation by food. 
The major physiologic property of the gas- 
trin thus released stimulates the parietal 
cells to secrete hydrochloric acid into the 
gastric lumen. 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
T Present Address: Department of Radiology, Stanford University School of Medicine, Palo Alto, California, 
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Anderson and co-workers? have studied 
gastrin extensively and have analvzed this 
substance chemically. Recently, Gregory 
et al? have analyzed extracts from tumors 
of the Zollinger-Ellison syndrome chemi- 
cally. They state "these results leave no 
reasonable doubt that Zollinger-Ellison 
tumor tissue contains one or other, or both, 
of the gastric peptides which have been 
isolated from human antral mucosa.” 


MATERIALS 


The present report is based on our per- 
sonal experience in the preoperative diag- 
nosis of g patients, and the retrospective 
analysis of another 8. Roentgenograms of 
the upper gastrointestinal tract of 16 of the 
patients were available before any under- 
went surgical procedures. Only in 1 patient 
was the first roentgenographic study not 
available until after a subtotal gastric re- 
section. Serial studies were at hand for re- 
view on most patients, both before and af. 
ter surgical procedures. 

Of the total 17 patients, 14 were adults, 
and 3 were children younger than 15 years. 


ROENTGENOGRAPHIC FINDINGS 
TUMOR 


The gastrin, or gastrin-like hormone in 
the Zollinger-Ellison syndrome may be pro- 
duced by an adenocarcinoma, adenoma, or 
hyperplasia of the non-beta islet cells. Ade- 
nocarcinoma comprises about 6o per cent of 
the reported cases of the Zollinger-Ellison 
syndrome, adenomas about 30 per cent, 
and hyperplasia approximately 10 per 
cent. Of the 60 per cent of patients who 
manifest malignant disease, most have 
metastatic lesions when first diagnosed. 


The primary sites of metastasis are the 
liver and the paraduodenal and peripan- 
creatic lymph nodes. 

[n those instances in which an adenocar- 


cinoma or adenoma causes the clinical syn- 
drome, the tumor is usually small. Al- 
though several fairly large tumors have 
been reported, none has been identified bv 
barium examination 
necropsy. Not all tumors are located in the 


before surgery or 


and John R. Amberg 
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pancreas per se.’ As the search for these 
tumors becomes more intensive, the 1n- 
cidence of lesions of the duodenal wall 1n- 
creases.!2 No such lesions have been pri- 
marily identified roentgenographically. In 2 
of our patients, the tumor was located in 
the duodenal wall. Neither tumor was 1den- 
tified on the roentgenogram. This failure 1s 
understandable when considering the small 
size of the tumor and the invariable de- 
formity of the duodenum. 

Arteriography holds great promise for 
the identification of both the adenomas and 
carcinomas.2° In one of our patients, selec- 
tive injection of the celiac artery opacified 
the lesion in the body of the pancreas. The 
tumor was vascular, and a distinct tumor 
stain. enabled identification of the 
lesion (Fig. 1). Recently, Clemett and Park” 
have also reported the identification of a 
(3X4X9 cm.) non-beta islet-cell 
carcinoma bv arteriography. The recogni- 
tion of smaller masses, particularly those 
in the duodenal wall, will undoubtedly 
be more difficult if not impossible. Selec- 
tive catheterization of as small a vessel as 


easy 


large 


the gastroduodenal artery may be neces- 
sary to improve the chances of discovering 
these lesions. 

Because of the difficulty in locating these 
tumors at operation, we believe that selec- 
tive arteriography should be done in all 
suspected cases prior to operation. 


lic. 1. Late arterial phase from selective celiac 
arteriography. Dense tumor stain clearly deline- 


ates mass in the pancreas. 
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INTRALUMINAL FLUID 


The relatively constant stimulation of 
the parietal cells by the gastrin-like hor- 
mone of the ulcerogenic pancreatic lesions 
produces hypersecretion of gastric Juice.® In 
85 per cent of the patients with the Zol- 
linger-Ellison syndrome, a 12 hour over- 
night secretory volume exceeds 1,000 cc. In 
50 per cent, the volume exceeds 2 liters. 
More than 4 liters of gastric secretion are 
produced in 1 of 7 patients during a 12 hour 
period. This hypersecretion frequently 
produces a significant increase in the vol- 
ume of intraluminal fluid of the stomach 
and small bowel. The volume may be com- 
pounded by the addition of small-bowel 
secretions poured into the intestine in 
an attempt to neutralize the highly acid 
secretions. 

Increased intraluminal fluid 1s easily rec- 
ognized in the stomach during barium ex- 
amination. The fluid is present despite 
overnight fasting and the lack of gastric 
outlet obstruction. Although excess fluid is 
recognized less readily in the duodenum, 
jejunum and ileum, the determination of 
its presence is important as it is a signi- 
ficant feature of this syndrome. The fluid 
causes the barium to appear less dense and 
finely granular in contrast to the usual 
homogeneous appearance in the normal 
small bowel (Fig. 2, 4-D). Frequently, ir- 
regular small clumps of barium are dis- 
persed irregularly through the barrum- 
filled bowel. These areas of flocculation are 
best seen at the periphery of the bowel lu- 
men. In 1 patient increased intraluminal 
fluid was recognized in the barium-filled 
colon several hours after a study of the 


small bowel (Fig. 2). 


EDEMA 


Associated with the gastric hypersecre- 
tion is a relatively constant gastric hyper- 
acidity.? In 3 of 4 patients, the 12 hour over- 
night gastric secretion contains more than 
100 mEq. of free acid. More than one-third 
of the subjects exceed 300 mEq. of free acid 
secretion during this collection period. The 
excessive volume of such secretions drain- 
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ing into the small intestine overwhelms the 
alkaline secretions from the liver, pancreas, 
and proximal small bowel. Whereas the 
normal jejunal pH approximates 6.0, the 
pH in the upper small bowel may be dras- 
tically reduced in patients with the Zol- 
linger-Ellison syndrome.” Summerskill® re- 
corded a jejunal pH of 1.4 in 1 patient. 
Consequent to this severe acidity a marked 
chemical enteritis ensues, characterized by 
inflammation and edema.” The changes are 
most pronounced in the duodenum, the 
magnitude decreasing respectively in the 
jejunum and in the ileum if the ileum is also 
involved. In our experience, edema of the 
small bowel is one of the most characteris- 
tic features of this syndrome. 

A normal small bowel presents a charac- 
teristic roentgenographic appearance. 
When the lumen is not distended with bar- 
ium, the mucosal folds and intervening 
troughs have a mosaic pattern. When a 
bolus of barium distends the bowel, the ap- 
pearance changes and the circular folds 
(valvulae conniventes) interrupt the other- 
wise smooth tubular appearance. On the 
roentgenogram the folds appear sharply 
demarcated, measuring I to 2 mm. in 
width. 

In contrast to the appearance of normal 
bowel, the edematous small bowel reveals a 
greatly changed pattern that is easily rec- 
ognized. When the bowel is distended, the 
valvulae conniventes are thick and measure 
4 to ; mm. in width (Fig. 2C; 3, A-C; 4E; 5, 
B and C; 7; and 114). The barium-filled 
troughs between the folds are frequently 
distorted and may appear “spiked,” sec- 
ohdary to compression by the edema within 
the bowel wall (Fig. 3.4; 5B; and 114). Be- 
cause of the edema and the associated in- 
creased volume of intraluminal fluid, the 
folds are usually not sharply delimited, but 
appear blurred and hazy. The thick, hazy 
folds are most pronounced in the duodenum 
and proximal jejunum, although some 
edema is frequently present throughout the 
jejunum. Occasionally, the folds of the 
ileum are also edematous (Fig. 2C). 

When the edematous bowel is not dis- 
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Fic. 2. The Zollinger-Ellison syndrome. (4) Increased intraluminal fluid in the jejunum and ileum is char- 
acterized by the barium appearing less dense (diluted) and finely granular. Dilatation of the jejunum and 
ileum is also present. (B) The appearance of the barium is granular and less dense in the ileum, secondary 
to increased intraluminal fluid. Dilatation is prominent. (C) Increased intraluminal fluid in the ileum causes 
prominent granularity of barium. The mucosal folds are edematous. (D) Increased intraluminal fluid causes 


granularity of barium in the jejunum and ileum. 


tended with barium, the folds and their 1n- 
tervening troughs are almost obliterated. 
Irregular collections of barium diluted with 
intraluminal secretions are seen between 


the poorly outlined, thickened folds. The 
pattern is irregular and the process is much 
more difficult to interpret than when the 
bowel is distended with barium. 
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Large gastric folds are another frequent 
manifestation of the Zollinger-Ellison syn- 
drome (Fig. 3, 4 and B; 4B; and C). The 
folds may attain striking proportions. The 
cause of this hyperrugosity remains in 
doubt. Large rugal folds, however, are not 
uncommon in patients with uncomplicated 
peptic ulcer and are present occasionally in 
normal persons. 


MOTILITY CHANGES (PERISTALTIC ACTIVITY) 

Diarrhea is associated with this syn- 
drome in one-third of the patients.’ It 
seems most likely that this is caused by 
flooding of the small intestine with large 
volumes of highly acid gastric juice. If the 
alkaline secretions of the liver, pancreas 
and small bowel do not adequately neutral- 
ize the acid juice, steatorrhea may occur. 
Such occurrence is the result of the ab- 
normal pH of the small bowel which de- 
activates enzymes necessary for the diges- 
tion of fats. 

Another possible cause for the diarrhea 
is the direct effect of gastrin. One of the 
known biologic properties of gastrin is stim- 
ulation of small bowel motility." Whether 
this property is a true physiologic one 
awaits further investigation. In patients 
with the Zollinger-Ellison syndrome in 
whom diarrhea is a prominent feature, gas- 
trin probably is not the cause of increased 
motility, the reason for which is two-fold. 
First, when the acid secretions are removed 
by gastric aspiration, the patient's diarrhea 
is decreased.’ The other piece of evidence is 
that diarrhea is eliminated after total gas- 
trectomy when gastrin-producing metastat- 
ic lesions remain. 

Whether or not diarrhea is present, how- 
ever, the roentgenographic motilitv of the 
intestine frequently is abnormal. 

Both frequency and intensity of gastric 
peristalsis are often diminished. The stom- 
ach may be atonic and dilated (Fig. 4,4 
and E; and sD). 

The chemical enteritis frequently pro- 
duces abnormal motility of the small bowel. 
The duodenum is most severely affected by 
the inflammation and edema attendant to 
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Fic. 2. (E) The barium-filled colon several hours 
after study of the small bowel. Increase of intra 
luminal fluid is demonstrated by the striking 
granularity of the barium. 


the chemical enteritis. These changes inter- 
fere with the neuromuscular function: the 
duodenum becomes atonic and peristaltic 
activity is severely limited. The resultant 
dilatation is frequently pronounced and at 
times so striking that it has been termed 
megaduodenum (Fig. 4, 4-E; and c, B-D). 
Jejunal and ileal motility vary. Striking 
hypermotility of the jejunum and, on occa- 
sion, of the ileum, was noted in several of 
our patients. The exact reason for this hy- 
permotility, in contrast to the severe hypo- 
motility in the duodenum, is not known. 
The most likely explanation is that the 
chemical enteritis diminishes in the more 
distal portions of the intestine. Irritability 
may then occur in these areas. In most in- 
stances, however, the motility of the jeju- 
num and ileum appears normal. The proxi- 
mal jejunum is usually dilated (Fig. 3B: 4D; 
and 5C). Occasionally the dilatation is 
prominent. The jejunum may be dilated 
throughout (Fig 2/7; and 3C) and the ileum 
may also be dilated (Fig. 2, 4 and B). Dila- 
tation of the jejunum and ileum is probably 
related to the increased intraluminal fluid. 
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The colon may also be affected. In one 
patient, during both barium enema and 
pneumocolon examinations, the right hemi- 
colon could not be distended because of 
severe spasm (Fig. 6). Diarrhea was the 
main symptom in this patient and doubt- 
less the pH of the intestinal contents that 


reached the colon was high. 


ULCERATION 


As a consequence of the excessive volume 
of highly acid gastric secretions, ulceration 
develops in more than go per cent of the pa- 
tients.’ The gastrointestinal ulcerations of 
this syndrome occur at the usual site of 
peptic ulcer in approximately 75 per cent 


NoveMBER, 1968 


lic. 3. Zollinger-Ellison syndrome. (4) 
Thick, hazy folds of duodenum are sec- 
ondary to mucosal edema. Folds are dis- 
torted and appear “‘spiked.” A large ulcer 
is present in the second portion of the 
duodenum. Large gastric folds are pres- 
ent, especially in the body and fundus. 
(B) Thick edematous folds are seen in the 
jejunum, which is slightly dilated proxi- 
mally. Prominent gastric folds are identi- 
fied in the upper stomach. (C) Thick, 
edematous folds of the duodenum and 
jejunum. The jejunum is also dilated. 


of the patients. Of these, only a few of the 
ulcers are limited to the stomach; the rest 
involve the duodenal bulb (Fig. 4C; and 
c4). Three of our patients had gastric ul- 
cers without demonstrable duodenal ulcers. 

Only 25 per cent of the primary ulcers 
are situated abnormally. Almost all of 


these are in the second portion of the duo- 
denum, the distal duodenum, or the proxi- 
mal jejunum (Fig. 34; and 5, B-D). An ul- 
cer bevond the immediate postbulbar area 
suggests this syndrome. Experience has 
shown that ulcers in this region of the duo 
denum frequently have been undetected. 
When recognized, they usually have been 
erroneouslv diagnosed as ulcerating neo- 
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plasms. In 3 of our patients duodenal ulcer- 
ation was discovered beyond the immediate 
postbulbar area. The diagnosis of primary 
jejunalulcers is rarely made preoperatively. 
Recognition of an ulcer in this location, 
however, is almost pathognomonic of an 
ulcerogenic tumor of the pancreas. One 
jejunal ulcer was recognized preopera- 
tively in this series (Fig. 5D). Herrington? 
has reported a perforated ulcer of the right 
colon in an 18 vear old patient with the 
Zollinger- Ellison syndrome. 

Multiple ulcerations also suggest this 
syndrome, particularly when they are 
present in the duodenum or jejunum, or in 
both. One other sign observed in 1 of our 
patients may be helpful. That is the heal- 
ing of a primary ulcer under rigid medical 
management while a second ulcer develops 
simultaneouslv at another site. 

When a subtotal gastrectomy is per- 
formed and the gastrin-producing tumor 1s 
not removed, marginal ulceration occurs. 
Marginal ulcers were observed in § of our 
patients, often immediately after the opera- 
tion. The ulcers are usually large (Fig. 7; 
and 11/4). In only one of our patients with 
severe hemorrhage could we not identify 
the ulcer. A large marginal ulcer with evi- 
dence of extensive edema of the small bowel 
and increased intraluminal fluid is an alert- 
ing signal to the possibility of the Zollinger- 
Ellison syndrome. 

Whereas gastrointestinal ulceration 1s 
usually associated with this syndrome, an 
important recognition is the occasional 
absence of any type of ulceration whatso- 
ever.’ Apparently in these patients the 
mucosa is highly resistant to acid-pepsin 
digestion. In addition to these few patients 
without ulceration, about 70 per cent have 
ulceration of the duodenal bulb, which does 
not separate this syndrome from idiopathic 
peptic ulcer. Thus, in most patients, the 
nature of the ulceration alone is not a sig- 
nificant roentgenologic factor suggesting 
this syndrome. 


DIFFERENTIAL DIAGNOSIS 


A number of other conditions may pro- 
duce a small bowel pattern that is similar, 
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or at times, identical, to that of the Zolling- 
er-Ellison syndrome. These conditions are 
characterized, in general, by either thicken- 
ing of the bowel wall, whether by fluid or 
cellular infiltration, or by dilatation of the 
bowel. Diarrhea may be associated with 
all these conditions, but in none except 
idiopathic peptic ulcer disease is there 
gastroduodenal ulceration. 


IDIOPATHIC PEPTIC ULCER 


The level of acid production is extremely 
high in some patients with peptic ulcer. In 
these patients mucosal edema may be 
noted throughout the duodenum and, oc- 
casionally, in the proximal jejunum (Fig. 
8/4)? Increased intraluminal fluid is pres- 
ent and duodenal dilatation, although usu- 
ally mild, may be pronounced (Fig. 85). 
Differentiation of this process from ulcero- 
genic tumor of the pancreas may be aided 
frequently by gastric secretory studies. 
With peptic ulcer, the output of hydro- 
chloric acid is usually high in the basal 
state, but not as high as in the Zollinger- 
Ellison syndrome. More important than 
the degree of acid production in the basal 
state, however, is the response to histamine 
stimulation. The Zollinger-Ellison syn- 
drome usually results in only a slight to 
moderate rise in acid production. Ordinar- 
ilv, in peptic ulcer, the increase in acid pro- 
duction 1s significant. 

A retained gastric antrum after a Bill. 
roth II gastric resection may also be the 
source of hypergastrinism with consequent 
increased secretion of gastric acid, mar- 
ginal ulceration, and edema of the small 
bowel.” 

NONTROPICAL SPRUE 

Except for primary ulcer disease, sprue, 
on occasion, most nearly simulates the 
Zollinger-Ellison svndrome (Fig. 9). The 
diarrhea, small bowel dilatation, and 1n- 
creased intraluminal secretions are the fac- 
tors causing this similarity. Dilatation of 
the bowel in sprue frequently is best visual- 
ized in the midjejunum and distal jejunum 
but striking dilatation may be seen in the 
duodenum. The roentgenographic findings 
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Fic. 4. Zollinger-Ellison syndrome. (4) Megaduodenum. The stomach is dilated and filled with fluid. (Repro- 
duced with permission of 7.4.M.4.) (B) Megaduodenum. Large gastric folds are noted in the fundus of 
the stomach. (C) Megaduodenum. The duodenal bulb is deformed secondary to the ulcer. (D) Megaduo- 
denum. Edema greatly effaces the mucosal pattern of the duodenum. Thick edematous folds are present 


in the dilated proximal jejunum. 


in sprue, as in the Zollinger-Ellison syn- 
drome, decrease in severity in the distal 
portions of the small bowel. 

The main roentgenographic feature for 
differentiation aside from gastrointestinal 
ulceration is the pattern of the valvulae 


conniventes. Whereas these tolds are thick- 
ened and hazy in the Zollinger- Ellison syn- 
drome, they are usuallv sharplv delineated 
and of normal width in sprue. When the 
patient with sprue 1s hvpoproteinemic, 
however, the bowel mav be edematous, re- 
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sulting in an indistinguishable roentgen 
appearance. 


HYPOPROTEINEMIC STATES 


Edema of the small bowel is a character- 
istic of intestinal lymphangiectasia, whether 
primary or secondary. It may be a mani- 
festation of hepatic and renal diseases (cir- 
rhosis and nephrosis). In all of these pro- 
cesses, the edema varies from that seen in 
the Zollinger-Ellison syndrome in that the 
entire small bowel is usually involved dif- 
fusely. Furthermore, dilatation in these 
conditions is either minimal or absent. 


INTRAMURAL HEMORRHAGE 


Bleeding into the wall of the small bowel, 
secondary to anticoagulation therapy or 
trauma, is usually localized to relatively 
short segments of bowel. The appearance of 
the barium-filled troughs between the folds 
may be “spiked” from compression by the 
interstitial bleeding. The valvulae conni- 
ventes, however, are usually quite distinct 
and dilatation and increased intraluminal 
secretions, 1f present, are minimal. 

Intramural bleeding secondary to hemor- 
rhagic diathesis may involve large segments 
of the small bowel. Again, however, the 
folds are usually distinct and if intra- 
luminal secretions are present, they are 
minimal. 

In mesenteric venous obstruction an in- 
Hammatory exudate and edema accom- 
pany the intramural hemorrhage. In this 
instance, the edema may be severe and in- 
volve all of the small bowel, as well as the 
ascending colon. The duodenum is not in- 
volved and, thus, the condition is easily 
distinguishable from the Zollinger-Ellison 
syndrome. 

INFILTRATIVE LESIONS 

Whipple’s disease (Fig. 10) causes thick- 
ening of the mucosal folds and of the bowel 
wall. Intraluminal secretions are not usu- 
ally a prominent feature. The bowel lumen 
is usually of normal caliber or only slightly 


dilated. The changes in the small bowel 
vary from those in the Zollinger-Ellison 
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Fic. 4. (E) Megaduodenum. Edema effaces the duo- 
denal mucosa. The stomach is dilated. The mu- 
cosal folds of the proximal jejunum are edematous. 


syndrome in that the entire small bowel is 
usually diffusely involved. 

When amyloidosis involves the mucosa] 
layer of the bowel wall, the folds are thick- 
ened and edematous. Again, the small 
bowel is usually diffusely involved and 
neither intraluminal fluid nor dilatation 
are pronounced. 

Mucosal edema may be prominent when 
the bowel is involved by lymphoma. 
Further, dilatation may be present. Dis- 
crete nodules or masses, however, ma: 
usually be identified along the course of the 
involved bowel. 


DISCUSSION 


The symptoms of patients with the 
Zollinger-Ellison syndrome are ordinarily 
those of peptic ulcer disease. Diarrhea is a 
prominent symptom in about 30 per cent of 
the patients and, occasionally, it is the only 
symptom. Because of these symptoms, the 
upper gastrointestinal tract is examined 
roentgenographically. Although the symp- 





Fic. s. Zollinger-Ellison syndrome. (4) Ulcer of the duodenal bulb. (B) An ulcer is seen in the descending 
duodenum and megaduodenum is present. Thick edematous folds are present in the duodenum and 
jejunum. Distorted folds in the distal duodenum and proximal jejunum appear “spiked.” ( Reproduced 
with permission of 7.44.M.4.!) (C) An ulcer in the descending duodenum. Megaduodenum is present. The 
proximal jejunum is dilated. The mucosal folds in the duodenum and jejunum are edematous. Those in the 
stomach are large and distorted. (D) The proximal jejunum is ulcerated (arrow). Megaduodenum is pres- 
ent. Edema almost completely effaces the mucosal pattern of the duodenum and jejunum. 
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Fic. 6. Zollinger-Ellison syndrome. Severe spasm of 
the right hemicolon during barium enema examina- 
tion. Later, on a pneumocolon examination, the 
right hemicolon again could not be distended. 


ic. 8. Idiopathic duodenal ulcer. (4) An ulcer de 
formity of the duodenal bulb is associated with 
edematous mucosal folds of the duodenum and 
proximal j jejunum. (B) Idiopathic duodenal ulcer. 
Megaduodenum is seen with severe edema of par- 
tially effaced mucosal folds in the descending duo 
denum. Large gastric folds also are present. 


et 

hic. 7. Zollinger-Ellison syndrome. A large mar 
ginal ulcer developed after a Billroth I] surgical 
procedure. Mucosal folds of the proximal jejunum 
are severely edematous. 
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ic. 9. Sprue. The duodenum is dilated and the 
mucosal folds are thickened. 


lic. 11. Zollinger-Ellison syn- 

drome. (4) A large marginal ul- 

cer is present after a Billroth II 

procedure. Both afferent and 

efferent loops of the small bowel 

are edematous and dilated. The 

pattern of the distorted proxi- 

Vic. 10. Whipple's disease. The duodenum is dilated. mal folds is “spiked.” (B) After 

Infiltration of the small bowel is extensive and the gastrectomy the mucosal pat- 

thick mucosal folds throughout the duodenum tern of the small bowel reverted 

and jejunum are symmetric. The jejunal loops are to normal. The edema and dila- 

separated, secondary to mesenteric thickening. tation of the afferent and effer- 
(Courtesy of G. J. Triano, M.D.) ent loops has disappeared. 
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toms in themselves may not be extraordi- 
nary, they are so when combined with the 
roentgenologic findings. In 16 of our 17 pa- 
tients the roentgenographic features were 
characteristic of the Zollinger-Ellison syn- 
drome. Thus, it is the responsibility of the 
radiologist to suggest this diagnosis and in- 
sist that additional studies be conducted to 
support the diagnosis. 

The most important roentgenographic 
features are noted in the small bowel. These 
include megaduodenum, pronounced edema 
of the duodenum, jejunum and occasion- 
ally the ileum, and increased intestinal in- 
traluminal fluid. In addition, the proximal 
jejunum is usually dilated and dilatation 
may be noted throughout the jejunum. On 
occasion, the ileum may also be dilated. A 
combination of these factors in association 
with gastrointestinal ulceration is highly 
specific for the Zollinger-Ellison syndrome. 
Even in the rare cases in which gastroin- 
testinal ulceration 1s not present nor iden- 
tified, the diagnosis should be strongly con- 
sidered if the previously mentioned small- 
bowel characteristics are present. 

Our current approach in ulcer disease of 
the duodenal bulb or stomach is as follows: 
if duodenal edema and dilatation are mild 
and involve only the immediate postbulbar 
portion of the duodenum, they are accepted 
as normal components of idiopathic peptic 
ulcer disease. Edema and dilatation beyond 
the immediate postbulbar area, in con- 
junction with evidence of excess intra- 
luminal fluid, suggest that the acid output 
by the stomach is unusually high. When 
such changes are observed the Zollinger- 
Ellison syndrome must be considered. Al- 
though idiopathic peptic ulcer will be 
proved in many instances, some of these 
will be the Zollinger-Ellison syndrome. Of 
interest, however, in this group of patients 
is the tendency of the basal acid output 
to be exceedingly high whether or not a 
gastrin-producing tumor is present. If the 
jejunum, whether proximally or through- 
out its entirety, reveals edema and excess 
intraluminal fluid, with or without asso- 
ciated dilatation, the Zollinger-Ellison syn- 
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drome is much more likely. If increased 
intraluminal secretions and dilatation, with 
or without associated edema, are also pres- 
ent in the ileum, the findings are almost 
pathognomonic. 

Complete gastric secretory studies pro- 
vide important supportive data in the 
diagnosis of the Zollinger-Ellison syndrome. 
Although a high basal secretion is usually 
manifested in this syndrome, the adminis- 
tration of the maximal dose of histamine 
acid phosphate (0.04 mg./kg. body weight) 
frequently fais to induce a marked in- 
crease in gastric acid secretion. Ín normal 
subjects or in patients. with peptic ulcer, 
the basal acid output 1s usually less than 
43 per cent of that evoked: by histamine. 
In the Zollinger-Ellison syndrome the 
basal output is frequently greater than 60 
per cent of the maximal output." Recently, 
Winship and Ellison? have stated that 
gastric secretory patterns may vary con- 
siderably on repeated’ testing of patients 
with the Zollinger-Ellison syndrome. The 
widest fluctuations occurred particularly 
in basal acid secretion. At times, the stu- 
dies failed to suggest the correct diagnosis. 
Despite such variations in the secretory 
pattern, the measurements of gastric acid 
secretion remain a valuable diagnostic 
procedure for the Zollinger-Ellison syn- 
drome. That gastric analysis may mislead, 
however, is apparent. 

Bioassay of the serum or urine, or of 
both, using a rat bioassay technique, for 
the presence of a circulating gastric secre- 
tagogue may also provide important data 
in the diagnosis of the Zollinger-Ellison 
syndrome.’ In several instances, however, 
gastric secretagogue in the serum has not 
been detected in patients with known ul- 
cerogenic pancreatic tumors.’ Negative 
bioassays must not be considered proof 
that tumor is not present. 

Several factors may interfere with the 
roentgenographic diagnosis of the Zolling- 
er-Ellison syndrome. Although medical 
therapy has usually not successfully in- 
hibited gastric hypersecretion, inhibition 
after cholinergic blockade has been re- 


542 


ported." In such instances, the character- 
istic roentgenographic features of the 
small intestine may be reversed. Another 
important feature is the observation by 
Melnyk e al." of an apparent spontaneous 
remission in one patient. Such a remission 
must be an exceedingly rare occurrence, 
but does emphasize that the gastric-acid 
output, the symptoms and the roentgeno- 
graphic changes may vary. The variations 
in this disease are, of course, no different 
from those of other hvperfunctioning endo- 
crine abnormalities. Total gastrectomy will 
also cause the small bowel to revert to 
normal (Fig. 11, 7 and 5). 

The course of the malignant type of the 
Zollinger-Ellison syndrome 1s of interest. 
Two patients in our series with known 
metastasis to the liver for more than Io 
years have been reasonably well since total 
gastrectomy. This result emphasizes that 
the tumor may be slow growing and com- 
patible with prolonged survival if the end- 
organ can be removed. For this reason 
total gastrectomy combined with excision 
of the tumor, when feasible, are the pro- 
cedures of choice.?^?5 

Pancreatic adenomas that cause diar- 
rhea and hypokalemia, with no increase in 
gastric-acid output or achlorhydria, have 
been excluded from this discussion. That 
such adenomas produce a hormone other 
than gastrin seems likely.!® We believe that 
the classification of the Zollinger-Ellison 
syndrome should be limited to patients 
with gastrin-producing lesions. 


SUMMARY 


Roentgenographic features of the small 
bowel were characteristic in 16 of 17 pa- 
tients with the Zollinger-Ellison syndrome. 

The features include megaduodenum, 
small bowel edema, increased intraluminal 
fluid and, frequently, dilatation of the 
jejunum. On occasion, the ileum is also 
dilated. Abnormalities of the colon were 
noted in 2 patients. 

Because of these changes, the responsi- 
bility of recognizing the Zollinger-Ellison 
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syndrome devolves upon the radiologist in 
most instances. 

Although complete gastric secretory 
studies are a valuable adjunct, they should 
be considered supportive data and not be 
relied upon as definitive studies. 

By applying these criteria, false negative 
diagnoses should be few. False positive 
diagnoses, however, are inevitable. 


F. Frank Zboralske, M.D. 
Department of Radiology 
Stanford University 
School of Medicine 

Palo Alto, California 94304 
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PLAIN ABDOMINAL FILM ROENTGENOGRAPHIC 
DIAGNOSIS OF ULCERATIVE DISEASES 
OF THE COLON* 


By REED P. RICE, M.D. 


DURHAM, 


HE plain film abdominal roentgeno- 

gram is important in the study of all 
stages of ulcerative colitis. The classic 
roentgenographic appearance of “toxic 
megacolon” is well known to radiologists, 
but there has not been enough emphasis on 
the value of the plain film abdominal roent- 
genogram in the examination of patients 
with less severe manifestations of ulcerative 
colitis or granulomatous colitis. If the diag- 
nosis is established on the plain film ab- 
dominal roentgenogram, it is frequently 
desirable to postpone the barium enema ex- 
amination to a time when the disease 1s less 
active. In a few patients the diagnosis of 
inactive ulcerative colitis will be suggested 
on the basis of the plain film abdominal 
roentgenogram when not really suspected 
clinically. 


REVIEW OF THE LITERATURE 


The description of the plain film roent- 
genographic appearance of fulminating 
ulcerative colitis has been amply consid- 
ered in the roentgenologic literature in the 
past decade. McConnell eż al.” analyzed 
the roentgen features in 26 cases of fulmin- 
ating ulcerative colitis in 1958, and Wolf 
and Marshak’ amplified the description 1 
vear later. Typically, there is distention of 
the transverse colon with thickening and 
nodularity of the wall of the colon and loss 
of the haustral markings.'? Infrequently, 
the maximal dilatation is in a segment 
other than the transverse colon. There 1s 
usually small bowel distention as well. 
The lack of continuity between the dilated 
colon and the dilated small bowel helps 
differentiate the “toxic segmental dilata- 
tion” of ulcerative colitis from mechanical 
obstruction of the colon. 


NORTH CAROLINA 


Most of the articles on the subject of 
fulminating ulcerative colitis have stressed 
the importance of the dilatation of the 
colon, although Wolf and Marshak? do 
state that the appearance of the bowel 
wall is more important than the increase 
in caliber. 

In this same article, Wolf and Marshak 
show one example in which the diagnosis 
of chronic or subacute ulcerative colitis 
was established on the basis of the plain 
film roentgenogram. The new textbook 
“Alimentary Tract HRoentgenology" ed- 
ited bv Margulis and Burhenne* also shows 
several such examples and refers to the 
plain film roentgenographic features of 
chronic ulcerative colitis. Halls and Young? 
likewise have emphasized the value ot the 
plain film roentgenogram in determining 
the extent of colitis. There are relatively 
few other references to the fact that non- 
fulminating forms of ulcerative colitis 
can be diagnosed on the plain film ab- 
dominal roentgenogram. 


ROENTGENOGRAPHIC FEATURES 


The most important plain film roent- 


genographic abnormality demonstrable in 
many patients with ulcerative colitis is an 
increased thickness of the wall of the colon. 
It is quite common to see 3 or 4 mm. of 
thickening of the colon wall in patients 
with subacute or chronic ulcerative colitis 
(Fig. 1, and B; and 3). This degree of 
thickening 1s much more apparent on the 
plain abdominal roentgenogram, using a 70- 
80 kv. technique than on barium enema 
roentgenograms using 110-120 kv. The 
colon wall may be as much as 1 cm. thick 
under various circumstances. Thickening of 
this degree is common in patients with ful- 


* Presented as a Scientific Exhibit at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisi- 


ana, October 1-4, 1968. 


From the Department of Radiology, Duke University Medical Center, Durham, North Carolina. 
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F1G. 1. (4) There is thickening and irregularity of the colon wall and loss of the haustral markings throughout 
the entire length of the colon in this 44 year old man with active colitis. (B) The barium enema examination 
confirms the plain film roentgenographic findings, but could justifiably be postponed to a period of less ac- 


tive colitis. 


minating colitis, with or without toxic seg- 
mental dilatation (Fig. 2.4). Patients with 
granulomatous colitis frequently have this 
extreme thickening of the wall because of 
the transmural nature of the disease (Fig. 
4, 4 and B; and 5, 4 and B). Occasionally, 
the colon will be 1 cm. or more thick in 
patients with chronic, inactive, non-granu- 
lomatous colitis (Fig. 6, Z and B). 

Another important plain film roentgeno- 
graphic abnormality seen in many patients 
with colitis is irregularity of the mucosal 
surface (Fig. 1, Z and B; 24; and 7). The 
combination of thickening of the wall and 
the mucosal irregularity is almost always 
diagnostic of some form of colitis. The 
irregularity of the mucosal surface in sub- 
acute or chronic stages of the disease tends 
to be less obvious than the grossly nodular 
surface typical of toxic megacolon, but 
the difference is merely a matter of the 
degree of inflammation and ulceration pre- 
sent. 

On the other hand, patients with chronic 
inactive colitis are likely to have a very 


smooth mucosal surface in association with 
a short colon which is devoid of haustra- 
tions. To a limited extent, the degree of 
mucosal irregularity expresses the degree 
of activity of the colitis, ranging from the 
smooth surface devoid of haustrations in 
the chronic inactive stage to the very 
rough cobblestone appearance seen with 
toxic megacolon. We have, occasionally, 
had the opportunity to observe progressive 
improvement in the appearance of the 
mucosa as the patient responded to medi- 
cal therapy including intravenous ACTH 
(Fig. 2, 4 and B). In spite of demonstrable 
improvement in the appearance of the 
colon wall, the dilatation associated with 
toxic megacolon usually persists for sev- 
eral weeks after clinical improvement. 
DISCUSSION 

Although the barium enema examination 
is the most definitive method for the roent- 
gen evaluation of the colon, it is worth- 


while to obtain all possible information 
from the plain film abdominal roentgeno- 
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(A) This 46 year old man had a 12 year history of intermittent episodes of active colitis and presented 


at this time with clinical and roentgen features of toxic segmental dilatation of the colon. Notice the thick 
nodular appearance of the mucosa in the transverse colon. (B) Thirteen davs later, after intensive medical 
therapy including intravenous ACTH, the patient was considerably improved and the mucosa is now 


smooth, although there is still gross dilatation which usually persists for several weeks after the 


episode subsides. 


gram. In an occasional patient, the diag- 
nosis of ulcerative or granulomatous colitis 


can be established or suggested when it 1s 


not suspected clinically. Figure 6, Z and B 
illustrates such a case. The plain film 
roentgenogram was made as part of an 
excretory urogram in a 73 year old woman 
with adenocarcinoma of the cervix. Al- 
though there was a history of chronic 
diarrhea in the past, the patient had no 
significant complaints referable to the 
colon at the time of this examination. The 
plain film roentgenographic appearance of 
the colon established the diagnosis of 
chronic ulcerative colitis with carcinoma or 
stricture of the sigmoid. This was confirmed 
bv a barium enema study. The adenocar- 
cinoma of the cervix proved to be a secon- 
dary invasion from the adjacent primary 
carcinoma of the sigmoid. Obviously, the 
"plain film" roentgenographic appearance 


"toxic 


of the colon was an important observation 
in this rare situation. 

Of more significance, in terms of fre- 
quency, is the value of the plain film 
roentgenogram in patients suspected or 
proven to have some form of colitis. When 
the plain film roentgenogram demonstrates 
the typical changes of acute colitis involv- 
ing the entire colon, I feel that the barium 
enema examination should be postponed 
to a period of less active disease. In this 
situation, a barium enema study 1s not 
needed to determine the extent of the 
disease, and an anatomically more accu- 
rate and less traumatic examination can be 
performed later. 

Furthermore, I suspect, although I can- 
not prove, that a barium enema examina- 
tion during an acute episode of colitis may 
be the precipitating factor in some cases of 
toxic megacolon. I have seen the onset of 
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Fic. 5. This 67 year old man had a long history of 
ulcerative colitis, but was having no symptoms at 
the time of this examination. Notice the smooth, 
slightly thickened colon wall which is devoid of 
haustral markings. 


extreme toxicity occur following a barium 
enema examination in several patients, and 
| am wary of the "unnecessary" barium 
enema study during a period of acute 
symptomatology. 

If the plain film roentgenogram indi- 
cates segmental involvement of the colon, 
it is worth proceeding immediately with the 
barium enema study. The typical dis- 
tinguishing features between granuloma- 
tous and non-granulomatous colitis are 
frequently most obvious during an active 
phase of the disease. Furthermore, there 
is no appreciable risk of precipitating toxic 
megacolon in a patient with segmental 
colitis, whether granulomatous or non- 
granulomatous. I have seen this severe 
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complication onlv in patients with colitis 
involving the entire colon. 

As pointed out, the plain film roentgeno- 
graphic features of ulcerative colitis have 
been seen in both the granulomatous and 
non-granulomatous forms of ulcerative 


ic. 4. (4) This 37 year old man had had a resection of terminal ileum for regional enteritis in the past and 
presented at this time with an exacerbation of diarrhea. The plain film roentgenogram shows gross thicken- 
ing of the wall of the lower descending colon with normal appearance of the colon proximal to this. (B) The 
barium enema examination confirms the segmental granulomatous colitis. 
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(4 and B) Both of these patients had proven granulomatous colitis involving the descending colon. 


This specific diagnosis is suggested by the plain film roentgenographic finding of gross thickening of the wall 
of a segmental area of colon with normal appearance (not shown) of the colon in other areas. 


colitis. However, the presence of segmental 
colon wall thickening of 1 cm. or so with 
normal colon in other areas is quite sug- 
gestive of granulomatous colitis. This is a 
reflection of the transmural and frequently 
segmental nature of this disease (Fig. 4 
and 5). It is obvious, however, that the 
barium enema studies are the most reliable 
method for the roentgen differentiation 
between granulomatous and non-granulo- 
matous colitis. 

Since most of what has been written 
about the plain film roentgenographic 
diagnosis of ulcerative colitis has been 
dealing with the fulminating or toxic phase 
of the disease, it is understandable that the 
dilatation of the colon has been stressed. 
[t is apparent, however, that the plain film 
roentgenographic diagnosis of colitis is 
possible in many patients who are in a 
chronic or relatively inactive phase of the 
disease and in whom there would be no 
reason for a significant degree of ileus of the 
colon. Furthermore, some patients with a 
very toxic form of fulminating colitis do 
not have pathologic degrees of dilatation 
of the colon. It may be that a severely 


scarred or thickened colon can not dilate 
and this may be one of the reasons why 
"toxic dilatation" is infrequently en- 
countered in patients with granulomatous 
colitis (Fig. 7). At any rate, we are in 
complete agreement with Wolf and Mar- 
shak who have stated that the appearance 
of the bowel wall itself is more important 
than the degree or presence of dilatation. 

The material from which these conclu- 
sions are drawn is not amenable to true 
statistical analvsis. I did retrospectively 
review the barium enema roentgenograms 
and the plain film abdominal roentgeno- 
grams in Ioo patients seen at Duke Uni- 
versity Medical Center with the diagnosis 
of ulcerative colitis. Only 40 of these pa- 
tients had plain film abdominal roentgeno- 
grams but a roentgen diagnosis could be 
established or strongly suggested in 18 of 
these. In general, the patients with plain 
film abdominal roentgenograms were the 
more acutely ill patients, so this is a highly 
selected series. In addition to this review, 
however, we have been able to obtain plain 
film roentgenograms prior to the barium 
enema examination in most of the patients 
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liG. 6. (4 and B) This 73 year old woman with a long history of intermittent diarrhea was asymptomatic at 
the time of this examination. Notice the gross thickening of the wall of the short, smooth colon. There is an 
annular constricting carcinoma of the sigmoid which is clearly shown on the plain film roentgenogram and 
confirmed on the barium enema examination. 


with ulcerative colitis seen in the past 2 
years. I would estimate that the plain film | 4 
roentgenogram was diagnostic in one-third — Ó y 
of these patients, many of whom were not | ] by 
having an acute episode at the time of the TF ^4 


~ 


examination. i e 


The plain film roentgenographic features 
described above may or may not be com- 
pletely diagnostic of some form of colitis m" 
in the individual case. Certainly, the full 
blown toxic megacolon offers little problem 
in differential diagnosis. Similarly, a typi- 
cal appearance of diffuse colitis in associa- 
tion with the clinical manifestations and 
confirmatory sigmoidoscopic examination 
makes it possible to defer barium enema 
studies of the colon to a later date. In most 
other situations, the barium enema exam- Fic. 7. l'ulminating granulomatous colitis. There is 
ination isthe best means of differentiating thickening and irregularity of the colon walls, 


f Radda but no real “megacolon.” A colectomy was per- 
between the various forms of colitis and to formed on the day of this examination and there 


exclude other possible causes of the abnor- was diffuse, acute granulomatous colitis. 


22" 
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malities seen on the plain film roentgeno- 
gram. 

It is also worth mentioning that ful- 
minating amebic colitis needs to be con- 
sidered in the differential diagnosis when 
confronted with a patient with a typical 
toxic megacolon.” I do not know if sub- 
acute or inactive amebic colitis can pro- 
duce wall thickening and minimal mucosal 
irregularity such as we have seen with non- 
specific and granulomatous colitis, but this 
would seem probable. Appropriate clinical, 
laboratory, and barium enema studies 
should generally make this differentiation 
possible. 

Aside from the inflammatory disease of 
the colon, however, there is little difficulty 
in differential diagnosis. In the presence of 
a chronic partial colon obstruction, there 
may be thickening of the bowel wall, irreg- 
ularity of the mucosal surface and loss of 
haustrations proximal to the obstructing 
lesion. Obviously, a barium enema study 
is indicated if there is a possibility of ob- 
struction. Colitis does sometimes develop 
proximal to obstructing lesions and it is 
important that the obstruction not be over- 
looked in the face of obvious colitis.* This 
should rarely be a problem. 

Patients with ascites or peritonitis may 
have apparent thickening of the colon wall. 
This thickening and separation of intestinal 
loops involves the small intestine as well as 
the colon and should not be confused with 
ulcerative colitis on the plain film abdom- 
inal roentgenogram. 


SUMMARY 


'The plain film abdominal roentgenogram 
is important in the diagnosis of chronic, 
subacute, and acute ulcerative colitis even 
in the absence of the full blown picture of 
toxic megacolon. 

'The recognition of colitis involving the 
entire colon justifies postponement of the 
barium enema examination to a relatively 
quiescent phase of the disease when an 
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anatomically more accurate and less trau- 
matic examination is possible. 

It is also occasionally possible to make 
the diagnosis of ulcerative colitis on the 
basis of a plain film roentgenogram when 
it is not suspected clinically. 

Obviously, the barium enema examina- 
tion is still the most definitive method for 
the roentgen evaluation of the colon and 1s 
usually necessary to define the type and 
extent of the colitis as well as to identify 
various complications. 


Department of Radiology 
Duke University 

Medical Center 
Durham, North Carolina 27706 
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ULCERATIVE COLITIS ENGRAFTED UPON 
DIVERTICULITIS* 


AN EVOLUTIONARY CASE HISTORY 


By SAMUEL L. BERANBAUM, M.D., and STUART M. RING, M.D. 


NEW YORK, NEW YORK 


wo types of colonic diverticulitis 
exist, only one of which is readily 
recognizable by the radiologist, namely 
the inflammatory process secondary to 
micro- or macro-perforation of a divertic- 
ulum. This, therefore, represents an extra- 
mucosal inflammatory process—an entity 
that 1s quite prevalent. The recent empha- 
sis on the diagnostic criteria of this disease 
by Fleischner and Ming? has tended to ob- 
scure the much less frequent second type 
of inflammatory disease of the diverticu- 
lum which involves the mucosa itself. UL 
cerative colitis is a superficial mucosal 
inflammatory process and may, at times, 
involve the diverticular mucosa causing 
increased morbidity and mortality. 
Collins? in 1961 pointed out the salient 


clinical features of this entity which re- 
vealed that the patients: (1) were much 
younger—the third and fourth decades; 
(2) suffered 15 times the operative mor- 
tality; (3) had 7 times the incidence of fis- 


tula formation; (4) had 3 times the inci- 
dence of bowel perforation with abscess 
formation; (5) had 24 times the incidence 
of colonic obstruction; and (6) had 2 times 
the incidence of significant frank bleeding. 

Our recent publication? in 196s still 
remains the only roentgen description of 
this malady. We, therefore, present this 
case study to enhance the roentgenologic 
awareness of this entity and to document a 
30 year history of a patient with divertic- 
ular disease upon which ulcerative colitis 
became engrafted. The role of the radiol- 
ogist is indicated by the fact that this 
diagnosis was first made by barium enema 
examination and not by sigmoidoscopy—a 
reversal of the usual chronology. 

In the present case, a retrospective study 


revealed the subtle changes of early ul- 
cerative colitis that had been initially 
overlooked, and consequently the inter. 
relationship between these diseases. Since 
the diagnosis has been firmly established, 
the patient has been carefully followed. 
Ihe importance of early recognition is 
tantamount to the successful management 
of these patients. 

In our previous study, various roentgen- 
ographic features of this combination of 
diseases were enumerated. Case 111 is par- 
ticularly noteworthy in that diffuse diver- 
ticular disease was demonstrated through- 
out the colon associated with thickened, 
irregular haustra with induration and dis- 
torted and obliterated diverticula. The 
diagnosis was confirmed | sigmoidoscopi- 
cally. Re-examination 3 years later re- 
vealed the pipestem colon of chronic ul- 
cerative colitis with no demonstration 
whatsoever of diverticula due to oblitera- 
tion of the ostia by the inflammatory pro- 
cess. 

By extension then, our current study is 
a case of conventional diverticulitis with 
the various complications of this disease in 
which an evolutionary progression of ul. 
cerative colitis was documented bv re. 
peated barium enema examinations over a 
period of 30 years, presenting the disap- 
pearance of the inflamed diverticula as a 
reversible process depending upon the 
stage of the disease. 


REPORT OF A CASE 


Our case study dealt with a nervous woman 
who came to the attention of the Bellevue 
clinic in 1937 at the age of 30 years with the per- 
tinent complaints of chronic constipation with 
occasional and vague abdominal pains. Physical 


* From the Department of Radiology, New York University Medical Center, New York, New York. 
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Fic. 1. January 28, 1955: Intramural abscess 
in descending colon. 


examination, sigmoidoscopy and barium enema 
examination at that time revealed no abnormal 
findings. 

As the years progressed, her symptoms waxed 
and waned until 1954, when they became more 
sustained with the addition of intermittent, 
crampy lower abdominal pain. A barium enema 
examination performed at this time revealed 
the appearance of diverticula of the sigmoid 
colon. 

The patient was then sustained on a medical 
regime for almost a year but to no avail. By 
early 1955, her symptoms became more severe 
including grossly bloody stools. Barium enema 
examination at this time demonstrated diver- 
ticula formation of the left colon with intra- 
mural abscess formation (Fig. 1). Despite ap- 
propriate conservative management, the ab- 
perforated requiring an 
double-barrel transverse colostomy. Notwith- 
standing this proximal decompression and 
bypass, the patient did not do well and con- 
tinued to pass grossly bloody stools. A barium 


SCeSS emergency 


enema examination performed 5 months after 
the colostomy revealed a narrowed, spastic 
sigmoid colon with deformed diverticula and 
a communicating intramural fistulous compo- 
nent (Fig. 2). Confirmation of this clinical de- 
velopment necessitated a second surgical pro- 
cedure in which 18 inches of sigmoid colon, 
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acutely involved with the inflammatory disease, 
was resected with an end-to-end anastomosis of 
the remaining left colon. 

The patient enjoyed an uncomplicated post- 
operative course and continued to do well 
clinically. In June 1958, 7 months following the 
sigmoid resection, her colostomy was closed. 
The right colon and terminal ileum were re- 
sected due to severe adhesions and an ileo- 
transverse colostomy was performed. 

During the next 6 years, the patient remained 
relatively asymptomatic but began to suffer 
from bloating, left lower quadrant pains and 
occasional bright red blood per rectum. A 
barium enema examination performed on 
April 22, 1965, retrospectively demonstrated 
the “corrugation” sign described first by Anton 
and Palmer! and later emphasized by Beran- 
baum? as an early sign of ulcerative colitis. In 
addition, there was marked irregularity of the 
haustral markings with respect to their contour, 
and no evidence of the diverticular formation 
noted previously in the residual sigmoid colon 


ff 
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Fic. 2. November 8, 1957: Intramural communicating 
fistula of descending colon. 
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Fic. 3. April 22, 1965: Corrugation sign in the 
transverse colon and the abnormal! haustral 
pattern in the descending colon. 


(Fig. 3). Proctoscopy revealed a hyperemic, 
edematous and friable mucosa but no ulcer- 
ations, so that ulcerative colitis was not diag- 
nosed at this time. 

Despite carefully supervised clinical. man- 
agement, the patient's status worsened to the 
point of 18-20 grossly bloody bowel movements 
per day with a concomitant 18 pound weight 
loss by September 1965. A barium enema exam- 
ination performed at this time re-affirmed the 
highly active state of the patient's disease. 
Figure 44 demonstrates the acute phase of 


Fic. 5. September 26, 1966: Reappearance during 
clinical remission of the diverticula of the de- 
scending colon. Note that the distal diverticu- 
lum is partially compressed and elongated with 
an adjacent indentation. 


ulcerative colitis with the dilatation of the 
transverse and descending colon with loss of 
haustral markings in the descending and sig- 
moid colon. Dilatation is a roentgen sign of 
acuity in ulcerative colitis and correlates well 
with the symptomatology. Again, no evidence 
of diverticula is demonstrable. Figure 45 
represents the post-evacuation roentgenogram 
of this examination and reveals in the sigmoid 
and rectum the ground glass appearance of the 


Fic. 4. September 29, 1965: (A) Dilatation of the transverse colon with loss of haustra in the descending 
colon. Note the disappearance of diverticula. (B) Post-evacuation roentgenogram. Ground glass appearance 
of descending and sigmoid colon with the white line due to multiple ulcerations seen ez face and en profil. 
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Fic. 6. February 21, 1967: (A) Clinical remission. Comparatively normal appearance of the descending colon. 
(B) Linear mucosal folds in the descending colon with two pointed diverticula. (C) Marked increase in the 


presacral space. 


mucosa and the white line representing the 
ulcers ez face and in profile as described in the 
publication by Beranbaum.? There is also com- 
plete loss of normal haustra. It was at this time 
that the roentgen diagnosis of ulcerative colitis 
was rendered. Consequently, a second sig- 
moidoscopy was performed revealing, in ad- 


dition to the previous findings, multiple super- 
ficial ulcerations of the mucosa. À punch biopsy 
revealed a pathologic diagnosis consistent with 
acute ulcerative colitis. 

Heavy systemic steroid therapy was com- 
menced and the patient's symptoms duly re- 


solved. A barium enema examination I year 





Vor. 104, No. 3 
later, in September 1966, revealed a normal 
study of the postoperative large bowel with 
the reappearance of the diverticula of the de- 
scending colon. The 2 demonstrated diverticula 
on the descending colon showed partial dis- 
tortion with compression of the inferior diver- 
ticulum. There was wide spacing between the 
2 diverticula with an indentation suggesting 
obliteration of an intervening diverticulum 
(Fig. 5). 

The patient still remains well-controlled to 
date. A follow-up barium enema examination 
one-half year later, in February 1967, revealed 
a quiescent large bowel (Fig. 6/7) with the 
mucosa presenting longitudinal folds and 2 
thin, pointed diverticula (Fig. 6B). In addition, 
the presacral space was greatly increased (Fig. 


6C). 


DISCUSSION 


The roentgen diagnosis is dependent 
upon criteria of ulcerative colitis in the 
acute or subacute phase in a patient with 
diverticular disease. These subtle criteria 
have been emphasized by Kalil and Rob- 
bins, Welin and Brahme,? Beranbaum,' 
and Fennessey and co-workers? in chrono- 
logic order. Ulcerative colitis 1s a dynamic 
disease changing readily—and, at times, 
quite rapidly—from chronicity to acuity 
and again back to chronicity. This results 
in a wide spectrum of so-called early signs. 
In reality, these are the signs at that phase 
of the disease and must be recognized as 
such. Too often a barium enema examina- 
tion is considered normal in a patient with 
clear-cut clinical evidence of ulcerative 
colitis. It is therefore understandable how 
much more difficult it is to recognize these 
signs when diverticular disease is a con- 
joint phenomenon. An awareness of this 
combination of diseases is the first and 
most important step towards the correct 
diagnosis. A detailed discussion of the 
signs of ulcerative colitis 1s beyond the 
scope of this case report. Original sources 
should be consulted. 

The disappearance of the diverticula 
during the course of the disease is note- 
worthy. A similar finding was reported in 
our previous communication in Case 111? 
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In that patient, the diverticula had disap- 
peared on the barium enema examination 
3 years after the first study, when the colon 
presented a pipestem appearance in the 
chronic phase. The disappearance of the 
diverticula with their subsequent reap- 
pearance during remission in the present 
case Is the first such documentation in the 
literature. Neither of these colons has had 
a resection for detailed pathologic study. 
It 1s nevertheless reasonable to assume 
that inflammatory changes, edema and/or 
fibrosis, occlude the ostia. 

The appearance of the diverticula may 
or may not afford a clue to diagnosis. In 
our previous communication, distorted, 
irregular and conical diverticula were noted 
in some patients, whereas, in others, the 
diverticula were quite smooth. Ulcerative 
colitis is a superficial disease of the mucosa 
so that the demonstration of the ulcera- 
tions is, at times, technically difficult even 
under the best of circumstances. 


SUMMARY 


A case 1s reported which illustrates the 
presence of a duality of inflammatory dis- 
eases of the large bowel in chronologic 
order. The classic roentgenographic fea- 
tures of both diseases are presented in com- 
plete correlation with the clinical mani- 
festations. Both the acute and subacute 
phases of each entity are demonstrated. 
The obliteration of the diverticula during 
the acute and subacute phases of the ul- 
cerative colitis and their recurrence during 
remission identify the almost reciprocal 
relationship in this case. As was demon- 
strated in our earlier study? the individual 
diverticulum merits a detailed study for 
clues to early recognition. 


Samuel Beranbaum, M.D. 
Department of Radiology 

New York University Medical Center 
550 First Avenue 

New York, New York 10016 
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ARTHUR E. LINDNER, M.D.§ 
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IARDIA lamblia has long been known 

as a common parasite of the human 
duodenum and proximal small bowel. The 
reported incidence of infestation in insti- 
tutional populations has varied from 2.5 
to 50.6 per cent." In the past the organism 
was thought to be a harmless commensal 
of no clinical significance. Recently, how- 
ever, a number of studies*? have demon- 
strated diarrheal disease and malabsorp- 
tion in association with giardiasis. These 
clinical findings are reversible following 
treatment with quinacrine (atabrine) and 
elimination of the parasite. 

The roentgen features of Giardia infes- 
tation have seldom been discussed. In an 
early report, Welch? described duodenal 
cap irritabilitv with coarsening of the 
duodenal mucosal pattern in three-fourths 
of 29 reported cases of Giardia infestation. 
Peterson? described prolonged transit time, 
marked segmentation and a moderate 
degree of dilatation of loops and coarsening 
of mucosal folds, most pronounced in the 
middle loops of the small intestine. He 
ascribed these findings to the deficiency 
pattern, a nonspecific term which was used 
to characterize malabsorption disorders. 

The purpose of this paper 1s to demon- 
strate that roentgen alterations may occur 
in giardiasis and that the roentgen appear- 
ance Is consistent with an inflammatory 
process. It should be noted that in many 
patients with Giardia in the stool, the 
roentgen appearance of the small intestine 
is normal. In other patients, however, 
presumably those with a heavy infestation, 
changes are seen. We have studied 19 
patients with giardiasis who exhibited 
roentgen alterations in the small bowel. 


More recent publications have de- 
scribed the roentgen findings in conditions 
which are associated with giardiasis. Giar- 
dia infestation has been noted frequently 
in cases of dysgammaglobulinemia with 
nodular lymphoid hyperplasia of the small 
intestine.2 In addition to the nodular fill- 
ing defects, coarsening of the mucosal folds 
and clumping of barium were observed by 
the authors, but they did not attribute 
these latter changes to giardiasis. 

ROENTGEN FEATURES 

The roentgen alterations are usually 
limited to the duodenum and jejunum. The 
mucosal folds appear thickened, blunted 
and, in many areas, distorted and frag- 
mented (Fig. 1 and 2). On fluoroscopy 
there is a marked degree of spasm and 
irritability, which produces rapid changes 
in the direction and configuration of the 
valvulae conniventes (Fig. 3 and 4). 

The lumen of the bowel is frequently 
narrowed because of spasm. Dilatation, 
when present, is minimal. Increased secre- 
tions are frequent and cause blurring and 
indistinctness in the appearance of the 
folds, on occasion associated with fragmen- 
tation and slight segmentation. Motility 
through the jejunum may be so rapid that 
multiple roentgenograms with considerable 
amounts of barium are necessary to study 
the roentgen alterations. In 2 cases the 
ileum exhibited similar changes as seen in 
the jejunum. In the remaining cases, the 
appearance of the ileum was within normal 
limits. Nodular filling defects have not 
been a feature of our patients with giardia- 
sis, except in I patient who had associated 
hypogammaglobulinemia (Fig. 5). 


* From the Department of Radiology, Mount Sinai School of Medicine, New York, and the Department of Medicine, New York 
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lic. T. Gzardiasis. Fluoroscopically there was marked 
spasm and irritability of the jejunum, associated 
with narrowing of the lumen. The thickening of 
the mucosal folds is with increased 
secretions, secondary to the inflammatory edema. 
Multiple roentgenograms of the ileum revealed no 


ass C] ated 


abnormality. 


FIG. 2. Giardiasis. Fluoroscopically, marked spasm 
and irritability of the jejunum with slight narrow- 
ing of the bowel lumen were noted. The valvulae 
conniventes are distorted, thickened and frag- 
mented. The findings in giardiasis are usually lim- 
ited to the duodenum and jejunum. Multiple 
roentgenograms of the ileum were normal. 


NOVEMBER, 


l'1G. 3. Giardiasis. Same case as in ligure 2 after a 
course of atabrine. The small bowel is now normal. 


DISCUSSION 


The response of a given patient to infes- 


tation with Giardia lamblia appears to be 
variable, depending on the infecting dose 
and on such host-related factors as age, 
previous surgery, presence of enteric bac- 
terial infection, malnutrition, and the glo- 
bulin abnormalities associated with altered 
immune mechanisms. * 


» 
- 
lic. 4. Giardiasis. Thickening of the valvulae con- 
niventes throughout the visualized portions of the 
small bowel is identified. The alterations are more 
prominent in the jejunum. 
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Some authors have found significant 
mucosal alterations on small bowel biopsy 
in patients with giardiasis.^* Reported 
changes include acute and chronic inflam- 
mation, abnormal villous configuration, 
damage to epithelial cells, and increased 
epithelial mitotic figures. It is of interest 
that some of these patients with giardiasis 
had hypogammaglobulinemia and that the 
reduced susceptibility to infection may be 
responsible for the Giardia infestation. 
Some investigators have demonstrated 
tissue invasion by the parasite. There 
seems to be no consistent correlation be- 
tween the severity of the mucosal changes 
and the occurrence of malabsorption, for 
malabsorption has been demonstrated in 


Fic. §. Giardiasis and hypogammaglobulinemia.There 
is moderate thickening of the valvulae conniventes 
in the jejunum, associated with slight rigidity and 
narrowing of the lumen. These changes are secon- 
dary to giardiasis. Numerous tiny filling defects, 
due to lymphoid hyperplasia, are also seen within 
the lumen of the jejunum. These changes are pre- 
sumed to be secondary to the hypogammaglo- 
bulinemia. Giardiasis has been a common finding 
in patients with hypogammaglobulinemia. 


Roentgen Manifestations of Giardiasis 


j 


bic. 6. Strongyloidiasis. Moderate thickening of the 
jejunal folds is noted. The appearance of the ileum 
is normal. Unlike giardiasis, marked ulcerations 
may be seen in strongyloidiasis. 


dy 


patients with no significant mucosal 
changes.’ The mechanism of malabsorption 
In giardiasis remains uncertain. 

The roentgen abnormalities we have 
described appear to correlate with the de- 
gree of inflammatory response to Giardia 
infestation. In the case reported by 
Morecki and Parker, the parasite was seen 
intraluminally and within some mucosal 
cells but there was no increase in leuko- 
cytes in the mucosa or submucosa; the 
roentgen appearance of the small bowel 
was described as normal. On the other 
hand, in the first of the patients described 
by Hoskins eż a/.4 the jejunal biopsy showed 
marked infiltration of the lamina propria 
and crypt epithelium. In this patient the 
small bowel series showed thickened mu- 
cosal folds, most marked in the proximal 
jejunum, and both the jejunal biopsy and 
the roentgen abnormalities returned to 
normal following quinacrine therapy. 

The roentgen alterations reported above 
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in giardiasis may be seen with other para- 
sites, especially Strongyloides (Fig. 6). It 
has been our experience that in this country 
giardiasis is probably the most common 
parasite producing these alterations. 


SUMMARY 


The roentgen findings in giardiasis are 
presented. They include thickening of the 
mucosal folds, increased secretions and, on 
fluoroscopy, marked spasm and irritability. 
The roentgen alterations are most com- 
monly noted in the duodenum and jejunum. 
The changes are characteristic of an in- 
flammatory process and confirm the recent 
observations noted on biopsy. 

Richard H. Marshak, M.D. 

1o75 Park Avenue 

New York, New York 10028 
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OSSIFYING METASTATIC CARCINOMA OF THE COLON 


By A. V. GOVONI, M.D.,* and A. N. ALCANTARA, M.D.+ 


SAULT STE. MARIE, ONTARIO, CANADA 


(= ERATIONS in neoplasms of the 
gastrointestinal tract are quite un- 
common and particularly rare is osseous 
metaplasia in metastatic carcinomata of 
the colon. 

The occurrence of an ossifying metasta- 
tic carcinoma of the cecum diagnosed 
roentgenologically, is the basis of this re- 
port. 


REPORT OF A CASE 


D.M., a 51 year old male, was admitted to the 
hospital on September, 1960 with the diagnosis 
of intestinal obstruction. An abdominal survey 
confirmed the clinical diagnosis of mechanical 
ileus and a barium enema study showed a small 
annular carcinoma of the proximal descending 
colon. At surgery the lesion was removed and 
an end-to-end anastomosis with partial colec- 
tomy was performed. No metastases were 
present. The histologic diagnosis was aden- 
ocarcinoma Grade 1. 

A barium enema examination in 1961 showed 
no evidence of recurrence of the carcinoma. 

The patient was re-admitted to the hospital 
in May, 1963 with abdominal pain, nausea and 
vomiting for the past week prior to admission. 
The clinical and physical findings suggested 
incomplete bowel obstruction which was con- 
firmed by an abdominal roentgenologic survey. 
The symptoms subsided in a few days and the 
patient was later discharged. A further abdom- 
inal survey performed a few weeks later was 
within normal limits. 

The patient did not return until February, 
1964, when he was re-admitted in very poor 
physical condition and with diffuse “pain in 
the back.” Roentgen studies of the thoracic 
and lumbar vertebrae showed no evidence of 
osteolytic or osteoblastic lesions. However, “in 
the right quadrant of the abdomen, posteriorly 
located, was a conglomeration of nonhomo- 
geneous, granular calcific shadows, which could 
represent either a primary lesion in the colon or 
metastases with calcific deposits” (Fig. 1, 4 
and B). A complete roentgen study of the 


gastrointestinal tract with a water soluble con- 
trast medium demonstrated the calcifications 
to be located in the cecum (Fig. 2). The gen- 
eral condition of the patient quickly deterio- 
rated and he expired 3 weeks after the ad- 
mission. 

The pathologic report was as follows: the 
colon was removed with difficulty from the 
paracolic gutter and was involved in dense 
tumor which arose from the cecum (Fig. 3) 
and bound the colon to the abdominal wall, 
the small bowel, the right kidney and the under- 
surface of the liver. 

The mesenteric, aortic and paracolic lymph 
nodes were all enlarged and, for the most part, 
infiltrated by secondary tumor. Several sec- 
ondary deposits were present in the liver. One 
secondary nodule could be identified in the 
substance of the lung. 

Histologic studies showed a fairly well dif. 
ferentiated adenocarcinoma which had involved 
the cecum, duodenum, right kidney, liver, one 
lung and the lymph nodes. In the liver, the 
tumor was slightly less differentiated. Gener- 
ally, many of the acini contained amorphous, 
slightly eosinophilic material which appeared 
to be necrotic debris together with some 
small nucleated cells. In a few large areas there 
was abundant production of mucin which was 
seen within dilated acini forming small lakes. 
The tumor was generally cellular, but, in a few 
areas, there was moderate desmoplastic re- 
sponse (Fig. 4). 

The calcific deposits and the fairly abundant 
amount of mucin produced were only seen in 
2 areas; 7. e., the metastases in the right kidney 
and in the cecum. The calcium deposits were 
located in the thin septa separating the aden- 
ocarcinomatous structures or glands, and also 
within the lumen of some glands, both within 
the necrotic appearing material, and also in 
the mucin. 

Bone formation was only seen in the car- 
cinomatous lesion involving the cecum, where 
there were some patches of wider fibrosepta 
exhibiting bony trabeculae, some of which were 


calcified (Fig. 5). 
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(4 and B) Standard roentgenograms of the abdomen showing the mottled calcifications 


in the right middle quadrant. 


ay 





Fic. 2. Water soluble contrast medium surrounding 
and hiding the calcifications in the cecum. 


There were few patches of necrosis in the 
tumor and an area of ossification was noted 
(Fig. 6). 


DISCUSSION 


Dukes? stated “to meet with spicules of 
bone within the center of a cancer of the 
intestine is surprising." In reviewing the 
medical literature since 1939, we have col- 
lected 33 cases (Table 1) of primary colon 
carcinoma with calcifications. However, 
only 2 cases were reported in which calci- 
fications were present in carcinomatous 
metastases to the colon (Table 11). 

[n all cases reported in the literature the 
calcifications weie numerous, small and 
more or less finely mottled. Furthermore, 
these heterotopic ossifications were noted 
very frequently in areas of necrotic degen- 
eration of mucin-producing adenocarci- 
noma. 

Many theories have been advanced to 
explain the histogenesis of calcifications 1n 
primary or metastatic carcinomas. 

Beebe? in a study on the chemistry of 





lic. 3. Roentgenogram of the cecum removed at 
autopsy with demonstration of bony spicules. 


malignant growths and their Inorganic 
constituents found that “in the degener- 
ated tissues the vital activity has ceased. 
Only autolysis is going on and in these tis- 
sues is found a large amount of calcium,” 

apparently secondary to a change in the 
relationship between calcium and potas- 
sium. Leriche and Policard'® believe that 
diminished or poor blood supply to con- 
nective tissues results in  edematous 





The glands are lined by 


FIG. 4. Adenocarcinoma. 
pleiomorphic columnar cells whose nuclei are 
relatively large and hyperchromatic. There is 
pseudostratification of nuclei (X 430). 





l'iG. 5. Two areas of bone formation are demon 
strated in the lower part of the photomicrograph, 
within the stroma (X 430). 


changes, followed by swelling and multi 
plication of the elementary collagenous 
fibrils and by infiltration with preosseous 
substance. To this follows resorption of 
organically fixed calcium salts and fin; lly 
ossification will take place. Clowes and 
Frisbie* in a detailed study of the aden- 
ocarcinoma of Jensen found that “old, 
slowly growing and relatively necrotic 
tumors contain large amounts of calcium.’ 
From our review, in almost all the cases of 
colon neoplasms with calcifications re- 
ported in the literature, there was a certain 
degree of necrosis in the carcinomatous 
lesion. Keith? supports the theory that 
osseous metaplasia of mesenchymal tissue 
in a stage of proliferation is stimulated | by 
interaction of local physiochemical factors. 
The deposition of calcium in the accumula- 





l'16. 6. A degenerated and necrotic part of the tumor 
exhibiting a bone trabecula at the center (X 430 
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PRIMARY CARCINOMA OF THE COLON WITH CALCIFICATIONS 
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Delaney and Graham? 
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Green"! 
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Lurie and Selvey" 
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Tas_e II 


OSSEOUS METAPLASIA IN METASTATIC CARCINOMA OF THE COLON 
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Proximal transverse 
colon 


Hermann and Rozin"™ 





Distal colon 





Rectosigmoid 





Histologic 
Findings 


Roentgen 
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Papillary 
adenocarcinoma 


Granular 
calcifications 








Mucin-producing 
carcinoma 


Granular, linear 
calcifications 











Govoni and Alcantara 
colon 


Proximal descending | Cecum 





Mottled, gross 
calcifications 


Papillary, mucinous 
adenocarcinoma 











tions of mucin represents such a factor. 
Finally, Hall? is of the opinion that in a 
mucinous degenerative process, glycopro- 
teins might be produced which would favor 
the deposition of calcium. 

We shall not dwell here on a review of 
the many types of roentgenologically de- 
monstrable intra-abdominal calcifications, 
analyses of which have been presented in 


detail by McAfee and Donner? and Fred 
et al)? However, we should like to point 
out with Fletcher eż al.” that heterotopic 
calcifications in a carcinoma of the colon 
should always be considered whenever, in 
a roentgenologic abdominal survey, gross or 
finely mottled calcifications are noted 
within the usual topographic course of the 
large bowel. 
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SUMMARY 


A case of heterotopic calcifications in a 
secondary carcinoma of the colon is re- 
ported. 

Presented are the most accepted theories 
of the formation of calcifications in colon 
carcinomas of the mucin-producing type. 


A. F. Govoni, M.D. 
Department of Radiology 
General Hospital 

Sault Ste. Marie, Ontario 
Canada 
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METHYSERGIDE, RETROPERITONEAL FIBROSIS 
AND RECTOSIGMOID STRICTURE 


By GERALD J. GELFORD, M.D.,* and DAVID K. CROMWELL, M.D.1 


TAKOMA PARK, MARYLAND 


"don purpose of this communication 
is as follows: (1) to draw the atten- 
tion of radiologists to an association be- 
tween methysergide* therapy (for mi- 
graine) and a form of retroperitoneal fibrosis 
which is reversible upon withdrawing the 
drug; and (2) to report an unusual compli- 
cation—fibrotic stricture of the rectosig- 
moid. 


REPORT OF A CASE 


A 57 year old white female was admitted 
to the W ashington Sanitarium and Hospital on 
December 11, 1967 because of gradually in- 
creasing SW elling 3 in her left lower extremity for 
the previous 2 to 3 months. She had been in 
good health except for a long history of mi- 
graine headaches beginning at age I4. For more 
hen. 11 years prior to admission she had taken 
one 2 mg. methysergide tablet with each of her 
Eee meals a day for these headaches. She gave 
no history of pain, discoloration, or numbness 
in the involved extremity. À recent 2 week 
trial of diuretics had not reduced the swelling 
nor relieved the pitting edema. She had noticed 
increasing constipation for the 3 months prior 
to admission. She considered her urine output 
to be normal. 

Significant physical examination findings on 
admission were present in the left lower ex- 
tremity, which was 2 to 3 cm. larger in diameter 
at the cati than the right leg. The swelling was 
greater in the thigh and leg than in the ankle 
and foot, with pitting edema present. Pulses 
were easily palpated and were equal bilater- 
ally. There was no evidence of thrombophlebitis 
or other inflammation of the lower extremities, 
Rectal examination suggested an unusual 
thickness of the pelvic floor. Sigmoidoscopic 
examination was terminated at the 15 cm. level 
because of severe narrowing. The initial hemo- 
globin was 10.1 gm. per cent. The urinalysis 


* Methysergide bimaleate (Sansert or Deseril). 


was normal. The blood urea nitrogen on De- 
cember 12, 1967 was 16 mg. per cent. 

A venogram revealed complete occlusion of 
the left common iliac vein with marked col- 
lateral low. The tapered narrowing of the vein 
extended over several centimeters and appeared 
to be due to extrinsic pressure (Fig. 1). 

An excretory urogram (Fig. 2/7) demon- 
strated evidence of severe bilateral ureteral 
obstruction which was most marked on the 
left. A retrograde urogram (Fig.25) demon- 
strated bilateral medial ureteral displacement 
at the upper sacral level, also bilateral proximal 
dilatation. The urologist encountered no sig- 
nificant resistance while inserting the ureteral 
catheters. Barium enema examination clearly 
disclosed a sharply demarcated 4 cm. strictured 





Fic. 1. December 14, 1967: Venogram reveals a taper- 
ing constriction of the left common iliac vein and 
rather extensive venous collateral vessels. 


* Associate Radiologist, Washington Sanitarium and Hospital, Takoma Park, Maryland. 
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lic. 2. (4) December 14, 1967: E xcretory uro 
gram shows severe bilateral obstruction, most 
marked on the left, where only a niephrogr am 
is present. This film was exposed 10 minutes 
following injection. (B) December ro, 1967 
Retrograde urogram demonstrates bilateral 
medial deviation. of the lower portions of the 
ureters, and dilated renal collecting systems. 
This combination of findings strongly sug- 
gests the presence of retroperitoneal fibrosis. 
(C) March 4, 1968: Excretory urogram follow- 
Ing cessation of Sansert shows a return to 
normal appearance. This is the usual and ex- 
pected result of merely stopping the drug. 
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Fic. 3. (4) December 15, 1967: Lateral roentgenogram of the rectosigmoid area on barium enema examination 
shows a sharply defined stricture (arrow) apparently of extrinsic origin. Since there was no clinical or 
roentgenographic evidence of other causes, such as ulcerative colitis, the widened rectosacral space is pre- 
sumably secondary to the known obstruction of a major pelvic venous channel. (B) Feéruary 26, 1968: 
Lateral roentgenogram of the rectosigmoid area 10 weeks following discontinuation of Sansert, shows relief 
of the stricture and a return to near-normal appearance. 


area at the rectosigmoid within which the 
mucosa appeared intact (Fig. 34). The recto- 
sacral space was widened and the postevacu- 
ation roentgenogram showed that there was 
significant obstruction to the orthograde flow 
of barium, although the barium had entered the 
colon without difficulty. 

It was considered that the bowel stricture 
was an extrinsic "rectal shelf" of metastatic 
neoplasm and that the venous and ureteral 
obstructions were also due to widespread neo- 
plasm. Unknown to the attending physicians, 
the patient was taking her own supply of 
methysergide in the hospital. No early improve- 
ment was clinically apparent following ces- 
sation of medication on December 20, 1967. 

Exploratory laparotomy on December 28, 
1967 revealed an extensive fibrotic plaque of 
the retroperitoneal area which compressed both 
ureters and the left common iliac vein and ex- 
tended downward to the rectosigmoid. The 
fibrotic process involved the serosa and the 


mesentery of the rectosigmoid just above the 
peritoneal reflection. Surgical decompression of 
some of the deep pelvic veins was carried out 
and a biopsy of the fibrotic mass was taken. 
This consisted of collagenous tissue and fibrous 
tissue interspersed with areas of fat and in- 
filtrated with lymphocytes. Neither the ureters 
nor the rectosigmoid were surgically decom- 
pressed. 

Excretory urography and barium enema 
studies done approximately 2 months later 
showed a return to virtually normal findings 
(Fig. 2C; and 3B). The swelling and edema of 
the left lower extremity subsided with the 
findings returning to normal about 4 weeks 
after surgery. 


Comment: 'This patient provides another 
example of the deceptive lack of resistance 
to ureteral catheterization, despite the 
presence of severe obstruction. This has 
been noted previously? and is often present 
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in "squeezing disease" (retroperitoneal 
fibrosis), whether idiopathic or associated 
with methysergide. The normal blood urea 
nitrogen level in this patient remains un- 
explained. 

We are aware of one other case of recto- 
sigmoid stricture secondary to methyser- 
gide-associated retroperitoneal fibrosis. In 
this case also, the stricture was relieved by 
withdrawing the drug. 


DISCUSSION 


A relationship between longterm methy- 
sergide therapy and retroperitoneal fibrosis 
appears to be well established,?-*:*:93 a]. 
though the incidence is certainly low. Only 
about 50-60 cases have been reported in 
the literature, although more than 500,000 
migraine patients have taken the drug. 
Ureteral obstruction with medial deviation 
is usually present bilaterally. Fibrotic 
stricture of the aorta, inferior vena cava 
and other major vessels of the abdomen 
and pelvis occurs in some cases. In other 
cases there are vasospastic narrowings of 
major arteries, not associated with fibro- 
sis." Other roentgenographically detect- 
able complications associated with mehty- 
sergide therapy include severe and exten- 
sive inflammatory fibrotic lesions of the 
lung, pleura, aorta and heart, the latter 
resulting in both stenosis and regurgitation 
of the mitral and aortic valves. 

Other side effects and complications of 
methysergide include nausea, vomiting, 
diarrhea, abdominal pain, minor neuro- 
logic manifestations, vertigo, muscle spasm, 
and thrombophlebitis. Both the minor and 
the major complications are promptly alle- 
viated by stopping the drug, in most cases. 
In cases with severe fibrotic lesions the 
improvement may be slow and gradual 
over a period of many weeks. In some 
patients with retroperitoneal fibrosis, per- 
manent irreversible renal damage remains, 
even though the fibrotic process has sub- 
sided and the ureteral obstruction has been 
relieved, following cessation of the drug. 
Surgical decompression of the obstructed 
ureters is generally ineffectual if the patient 
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continues taking the drug,’ although there 
Is a single published exception to this rule.’ 

Methysergide is probably the most effec- 
tive available agent for the prevention of 
migraine.^? Severe complications are not 
common and can be minimized by observ- 
ing the contraindications,? by periodic ces- 
sation and by specialized periodic physical 
examination as described by Graham.’ 

The retroperitoneal fibrosis associated 
with methysergide is indistinguishable from 
the idiopathic variety. Both types disclose, 
on pathologic study, a fibrotic process with 
associated vasculitis. 

Idiopathic retroperitoneal fibrosis has 
produced severe fibrotic strictures of the 
duodenum,"? the rectosigmoid,!? the com- 
mon bile duct, and the pancreas or pan- 
creatic duct system.” 


SUMMARY 


An association between methysergide 
therapy for migraine and retroperitoneal 
fibrosis is documented and illustrated. The 
patient had bilateral ureteral obstruction, 
obstruction of the left common iliac vein, 
and rectosigmoid stricture—all secondary 
to the retroperitoneal fibrosis. Following 
withdrawal of the drug these obstructive 
lesions promptly improved. Follow-up clin- 
ical and roentgenographic studies indicated 
a return to essentially normal findings. 

Withdrawal of the drug is, in itself, 
usually effective therapy for any complica- 
tion. 

Gerald J. Gelford, M.D. 


Misty Hollow 
Brinklow, Maryland 20727 
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ROUTINE LATERAL VIEW OF THE BARIUM-FILLED 
RECTUM: IS IT WORTHWHILE?* 


A REVIEW OF 


2,500 CONSECUTIVE EXAMINATIONS 


By GEOFFREY A. GARDINER, M.D. 
LOMA LINDA, CALIFORNIA 


HE value of the roentgenologic exami- 
nation of the rectum has for years been 
the subject of considerable discussion and 
controversy. Strong opinions both pro and 
con are held, depending a great deal on the 
radiologist’s past experience and training. 
[t cannot be denied that many lesions in 
the rectum, including rather large carci- 
nomas, have been overlooked in the past on 
barium enema examinations. It is also true, 
however, that occasionally when the proc- 
toscopic examination has not shown any- 
thing abnormal, a lesion in the rectum or 
distal sigmoid colon has been found on the 
barium enema study. 9.10.18 
The number of lesions overlooked by 
either method depends a great deal on the 
thoroughness of the examination, the 
competence of the examiner, and the prepa- 
ration of the bowel. If only a cursory roent- 
genographic examination is done of the 
rectum and the distal part of the sigmoid 
colon (hereafter referred to as the rec tosig- 
mold for purposes of this paper), the num- 
ber of lesions overlooked will be large. How- 
ever, with careful attention to detail and 
with the use of special views and tech- 
niques as may be indicated, the diagnostic 
accuracy will be greatly increased and may 
even approach that achieved by proctos- 
copy. Andren and Frieberg! using a double 
contrast technique, repeatedly found 
polyps and, a ai tumors in the 
rectum that had been ov erlooked on proc- 
toscopic examination. They believe that 
with thorough preparation and careful ex- 


amination, the roentgenographic study of 


the rectum can hold its own with, and in 
many Cases Is superior to, proctoscopy. Le- 
vene? in 1949 described an elaborate 
method of spraying a thin layer of barium 


onto the rectal walls. He found this tech- 
nique very useful in detecting small lesions 
and in outlining normal anatomic struc- 
tures which are ordinarily obscured by the 
barium. Many times, however, even with a 
relatively large amount of barium in the 
rectum such structures as Houston’s valves 
can be clearly seen (Fig. 1). 
Individualization of the examination and 
a knowledge of the many special views 
available are mandatory for 
study of the rectum and for the many vari- 
ations found in the configuration of the 
sigmoid colon. This fact has been empha 


a successful 





I. Moderately narrow rectum with 
Houston's valves visible. 


Fic. 


* From the Department of Radiology , Loma Linda University, Loma Linda, California. 
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sized by Ettinger and Elkin* who briefly 
reviewed many of these special positions, 
emphasizing particularly the value of the 
Chassard-Lapine and angled projections. 
Dunbar e£ a/? found the Chassard-Lapine 
and the prone horizontal view with the 
tube angled 30 to 35 degrees caudad, to be 
of equal efficiency in “‘uncoiling”’ redundant 
sigmoid loops. Forrester and Soule?!^ 
stated that the direct lateral view of the 
rectosigmoid area is of considerable value 
and use it routinely, both before and after 
evacuation of the barium. They discovered 
17 cases in which the lateral projection 
clearly demonstrated a neoplasm in either 
the rectum or the distal sigmoid, while the 
remainder of the routine roentgenograms 
failed to suggest the correct diagnosis. Os- 
borne, Pattinson and Ward! also reported 
4 cases of carcinoma of the rectosigmoid 
shown only in the lateral view. Two of 
these were not seen during sigmoidoscopy, 
although one was found at a second exami- 
nation done under anesthesia. Many others 
have advocated obtaining a lateral view 
both before and after evacuation!*!6? 
while some limit its use only to the barium- 
filled colon.? Beranbaum? and Andren and 
Frieberg! routinely use the lateral view in 
association with a double contrast study of 
the colon. 

In addition to the possible recognition of 
intrinsic lesions, the lateral view also 
clearly demonstrates the soft tissue space 
between the anterior border of the sacrum 
and the posterior wall of the rectum. This 
has been termed the presacral or retrorectal 
space. Edling and EKlóf*" attempted to 
correlate the width of this space with the 
clinical course of chronic ulcerative colitis, 
measuring from the posterior margin of the 
barium-filled rectum to the anterior sur- 
face of the sacrum at the level of S-3 to S- 5. 
In order to establish a standard for a 
normal measurement, they examined 100 
adults with nonspecific gastrointestinal 
symptoms. In no instance did the presacral 
space measure more than 1 cm. On this 
basis they considered a distance of between 
1 and 2 cm. as a moderate increase, and a 
distance of more than 2 cm. as a marked 
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increase in this space. In some patients who 
had severe inflammatory changes in the 
bowel wall, the presacral space was within 
normal limits; however, in general, the 
more severe the colitis, the wider the pre- 
sacral space. From the appearance of this 
space on a single study they were not able 
to prognosticate the further course of the 
disease, but usually as the disease pro- 
gressed the soft tissue space widened. They 
suggested that this is mainly caused by 
adipose tissue and edema, and that once es- 
tablished it remains unchanged or is pro- 
gressive, in this way differing from other 
features of ulcerative colitis which usually 
show a variable course. Chrispin and Fry? 
have also emphasized the value of observ- 
ing this space and they too measured its 
width in 100 patients in whom no abnor- 
mality could be demonstrated roentgeno- 
logically. As their posterior point of refer- 
ence, they used the last sacral segment. The 
mean value in their series of cases was 
found to be 0.7 cm. They suggested that 
any value above 1.5 cm. should be regarded 
with suspicion, and that any measurement 
over 2 cm. should be considered abnormal. 
In all of their patients in whom the mea- 
surement was over 2 cm., some abnormality 
was found in either the large intestine or 
the pelvis. They do, however, consider this 
measurement as a rather rough guide since 
they felt it could be affected to some degree 
by the amount of barium distention of the 
rectum, Kemp Harper? stated that only 
retroperitoneal tumors will displace the 
rectum and pelvic colon anteriorly with a 
subsequent increase in the presacral soft 
tissue space as seen on the lateral view. In- 
flammatory tumors were the most common 
cause of a presacral mass, as reported by 
Jackman, Clark and Smith” in a compre- 
hensive review of tumors manifesting them- 
selves objectively as an extra-rectal mass 
on the posterior rectal wall. 


METHOD AND MATERIAL 


We began taking a roentgenogram in the 
straight left lateral projection of the 
barium-filled rectosigmoid area in 1961, 
when we discovered in retrospect that sev- 
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lic, 2. Age and sex distribution in 2,500 consecutive barium enema examinations. 


eral carcinomas in the rectum and distal 
sigmoid could not be seen on our routine 
studies. Our standard views at that time 
consisted of direct posteroanterior roent- 
genograms of the colon taken before and 
after evacuation as well as appropriately 
obliqued spot roentgenograms. It was 
thought that the addition of the lateral 
view would make our examination of the 
rectosigmoid more accurate. However, af- 
ter using this view on a large number of pa- 
tients, we began having some doubts about 
its real value. In an attempt to decide if a 
routine lateral view was worthwhile, 2,500 
consecutive barium enema examinations 
were reviewed. These examinations were 
performed on 2,308 patients, ranging in age 
from 6 to g1 years (Fig. 2). 

As this material was being reviewed, the 
following questions, which will serve as the 
basis for later discussion, were considered 
to be of paramount interest. 

I. Were any abnormalities discovered in 
the rectosigmold area on the lateral view 
which could not be seen on the other pro- 
jections? 

2. Were any lesions found in the recto- 


sigmoid on the lateral view which had been 
overlooked by digital or proctoscopic ex- 
amination? 

3. Was there any definite value in the 
measurement, per se, of the presacral soft 
tissue space? 

4. Is the increased time, expense, and 
radiation exposure incurred in obtaining a 
lateral view worthwhile? 

The measurement of the presacral space 
was made from the posterior wall of the 
barium-filled rectum to the middle of the 
anterior surface of the last sacral segment 
(Fig. 3). Although the rectum usually ex- 
tends upward to the third sacral segment, 
we found that a measurement from the mid 
point of the sacrum to the rectum or distal 
sigmoid was of very little value. This was 
due to the variation in the position and 
contour of the sigmoid colon which in some 
cases extended down to the level of S. 


(Fig. 4). 
RESULTS 
The findings in the 2,500 barium enema 


examinations are outlined in Figure 5; in 
only 51 (2 per cent) was a definite or ques- 


ic. 3. Normal lateral view showing point of mea- 
surement. The coccyx contains only 2 segments in 
this patient. 


tionable abnormality noted in the lateral 
view. The diagnosis in 16 of these 51 exami- 
nations was quite definite. There were 10 
which showed chronic ulcerative colitis, 5 
revealed a carcinoma of the rectum, and 
there was 1 villous adenoma. 

[n the remaining 35 studies the findings 
in the lateral view were not definite but 
some pathologic change was suspected. The 
digital and proctoscopic examinations 1n 29 
of these 35 patients were negative and 
follow-up to the present time has not re- 
vealed the development of any significant 
abnormality in the rectosigmoid. Of the 
remaining 6 suspicious examinations, one 
proved to be a polyp in the rectum which 
had been diagnosed previously on procto- 
scopic examination. In two the rectosig- 
moid area appeared to be narrowed, and 
extrinsic pressure was found to be the 
cause. One of these patients had a 7X9 cm. 
left ovarian cyst and the other had wide- 
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spread metastatic disease in the pelvis. One 
patient had previous surgery for carcinoma 
of the lower colon with an end-to-end 
anastomosis. Sigmoidoscopic examination 
revealed the anastomosis at the 10 to 12 
cm. level and a very peculiar appearance 
was described with two or three separate 
channels for the colonic content to enter the 
rectum. There was no evidence of tumor. 
The last two studies were on a patient who 
had recently had radium and roentgen 
therapy for carcinoma of the cervix. She 
had developed a severe proctitis with nar- 
rowing of the rectum and widening of the 
presacral space. 

The results of the measurement of the 
presacral soft tissue space are shown in 
Figure 6. The vast majority of measure- 
ments were less than 1 cm. Because of the 
measurements reported previously by Ed- 





Fic. 4. One of many variations found in the recto- 


sigmoid which makes measurement from the 
mid sacrum difficult. Even the measurement at 
S-5 would be misleading in this case. 
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Fic. 5. Breakdown of the 51 (2 per cent) barium enema examinations which showed abnormal 
roentgenographic findings. CUC — chronic ulcerative colitis. 


ling and EKlof^? and also by Chrispin and 
l'ry,! we were particularly interested in the 
ve exsitimations in which the measurement 

was over 2 cm. In only 4 of these, repre- 
sented by 3 patients, did the proctoscopic 
examination reveal some abnormality in 
the rectosigmoid area. Two of these were 
cases of chronic ulcerative colitis and the 
other is the patient just referred to who had 
carcinoma of the cervix with radiation 
therapy. This patient had 3 barium enema 
examinations with measurements of 2.4 
cm. and 3.3 cm. during the time of the most 
severe radiation reaction and 1.2 cm. a year 
later. 


DISCUSSION AND CONCLUSIONS 

1. Were any abnormalities discovered in 
the rectosigmoid area in the lateral view 
which could not be seen in the other pro- 
Jections? 

The only lesion found in these 2,500 
barium enema examinations, which was 
visible only in the lateral projection, was a 
3 cm. villous adenoma on the posterior 

wall of the rectum (Fig. 7). Digital exami- 
nation on this patient prior to the barium 
enema examination was reported as nega- 
tive. This is not unusual in cases of villous 
adenoma as the tumor is very soft and can 
be easily compressed by the palpating fin- 
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Fic. 7. Small villous adenoma on the posterior rectal 
wall. This lesion could not be seen on any other 
view and was missed on rectal examination, prob- 
ably because of its soft consistency. 


ger. Proctoscopy was not done before the 
roentgenographic study. Of the 5 cases 
of carcinoma of the rectum none were vis- 
ible only in the lateral view. Three were 
seen quite clearly in both anteroposterior 
and lateral projections. One was seen only 
in the anteroposterior projection and one 
in the oblique and lateral views but not in 
the anteroposterior view. Only one benign 
polyp was found in this series and it was 
visible in both the posteroanterior and the 
lateral projections. Forrester and Soule" 
after studying the visibility of a simulated 
polyp in a phantom and also in humans, 
stated that ‘‘the physical conditions inher- 
ent to the profile view of the barium-filled 
rectum make it unsatisfactory and unreli- 
able for adequately detecting a free-floating 
polyp in the rectum, even in kilovoltages 
and total filtration beyond those generally 
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employed, and that air contrast study 1s 
essential for the diagnosis of lesions of this 
sort.” 

2. Were any lesions found in the recto- 
sigmoid in the lateral view which had been 
overlooked by digital or proctoscopic ex- 
amination? 

We were unable to find a single case in 
this series in which a lesion had been over- 
looked by a proctoscopic examination and 
found in the lateral view of the barium- 
filled rectum. The proctoscopic examina- 
tion on the villous adenoma previously 
mentioned was not done until several days 
after the barium enema study but it was 
clearly seen through the proctoscope. 

While we did not review each of the 2,500 
cases with regard to previous endoscopic 
examination, we did investigate the 50 
cases in which something suspicious was 
noted in the lateral view. All but one of 
these patients had had a previous proc- 
tosigmoidoscopic examination. It seems 
likely, therefore, that the great majority of 
the 2,500 patients in this series did have the 
benefit of such a study prior to the barium 
enema examination. This is probably true 
in most teaching institutions, but there 1s 
still a very large group of patients exam- 
ined in other hospitals and in private offices 
where this is not usually the case. As 
pointed out by Forrester and Soule, the 
profile view of the rectum and rectosigmoid 
probably has its greatest value in situations 
where the radiologist is the first and per- 
haps only physician visualizing this seg- 
ment of bowel. 

3. Was there any definite value in the 
measurement, per se, of the presacral soft 
tissue space? 

When we first considered measuring the 
presacral space on the lateral view, we be- 
lieved that the amount of distention of the 
rectum by the barium would have some in- 
fluence on this measurement. All of our 
lateral profile roentgenograms were taken 
at the conclusion of the fluoroscopic ex- 
amination when the colon was completely 
filled with barium and the lack of disten- 
tion was not a significant factor. Actually, 
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Fıc. 8. (4) Marked or (B) only moderate distention of the rectum did not seem to have significant effect 
on the presacral measurement. 


we did not find that the size and degree of 
distention of the rectum made any signifi- 
cant difference in the measurement (Fig. 8, 
4 and B). In reviewing the 192 repeat ex- 
aminations it was of interest to find that in 
only 2 patients did a repeat study show any 
significant difference in the presacral mea- 
surement. These were 2 cases of chronic ul- 
cerative colitis and in each instance the pa- 
tient had 3 examinations. In one, the pre- 
sacral space measured 1.5 cm. before the 
development of the disease. This increased 
to 2.5 cm. at the time active ulcerative 
colitis was diagnosed. The other patient 
showed an increase in the presacral space 
from less than 1: cm. before the disease 
developed to 2 cm. when active disease was 
present. The increasing width of the pre- 
sacral space as the disease progressed in 
these 2 cases is consistent with the findings 
of Edling and Eklof*? who believe that an 
increase in the presacral soft tissue space 
Is a roentgen sign of ulcerative colitis, and 


that in general, as the soft tissue space in 
creases, there is a tendency toward pro 
gression of the disease. They noted that 
there was a great variation in the length of 
time from the onset of the colitis until an 
increase in the presacral space was first 
noted. 

In all § of our patients in whom the mea. 
surement was 4 cm. or greater, the rectum 
and surrounding soft tissues were normal as 
far as could be determined clinically and 
roentgenographically. The width of the 
presacral space per se is, therefore, not 
necessarily indicative of some pathologic 
process, even if it exceeds 2 cm. by a consid. 
erable amount. 

4. Was the increased time, expense and 
radiation exposure worthwhile? 

In our experience a single lateral roent- 
genogram taken when the rectum is filled 
with barium on the patient who has no 
gastrointestinal complaints will rarely show 
any pathologic change. In only a small per- 
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centage of the cases which do show some- 
thing abnormal will the abnormality be 
seen only in the lateral projection. How- 
ever, it is very likely that with more com- 
plete utilization of the lateral position, that 
is, taking an additional lateral roentgeno- 
gram after evacuation of the barium or in 
conjunction with an air contrast study, a 
greater number of lesions will be found. 

Forrester and Soule stated that while it 
was best to limit the lateral view 1n children 
and young adults to those patients where 
the clinical findings warranted it, in gen- 
eral, exposure to the patient from its use 
was not excessive when proper technique 
was employed and when balanced against 
the benefits which were gained. Some of the 
situations in which the lateral view has 
been reported to be of particular value are 
(1) detection of neoplasms and polyps 
which were not seen in the other projec- 
tions or on proctoscopic study; (2) better 
delineation of the extent of the disease; (3) 
outlining fistulous tracts; (4) following the 
course of chronic ulcerative colitis and 
other inflammatory disease; and (5) dem- 
onstrating extrinsic pressure on the recto- 
sigmoid area. 

In order to obtain the greatest value 
from the lateral view, it is essential to pay 
close attention to certain details, as has 
been emphasized many times in the past. 

The colon must be perfectly clean. 
Apparently many of the shadows seen in 
our group of questionable cases were due to 
incomplete preparation, even though the 
usual 2 ounces of castor oil and cleansing 
enemas were used before the study. 

2. The barium solution should be stan- 
dardized and of such density as to permit 
penetration with a high kilovoltage tech- 
nique. In our series the barium density was 
not standardized and the kilovoltage was 
usually roo. 

3. It is best to remove the enema tip or 
Bardex balloon from the rectum before the 
lateral roentgenogram is taken if this is at 
all possible, as either of these may hide a 
possible lesion or produce an undesirable 
artifact. 
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One reason for the low percentage of 
positive findings is that we routinely ex- 
amine a relativelv large number of patients 
who have no gastrointestinal symptoms. 
This, of course, reduces the number of posi- 
tive results on barium enema studies just 
as it does in other types of examinations. 
Greegor! recently reviewed more than 
2,500 sigmoidoscopic examinations on 
asymptomatic patients, Ín this group he 
found no case of invasive carcinoma and 
only 1 case of malignant polyp. Moertel eż 
al.’ from the Mayo Clinic reported on 6 
large series of proctoscopic examinations, 
including their own, with a total of 47,207 
presumably asymptomatic patients. In 
this large group an incidence of only 0.12 
per cent of invasive carcinoma was found. 
They concluded that this particular type of 
examination was of no practical value in 
the diagnosis of cancer in patients with a 
negative history and a negative digital ex- 
amination. 


SUMMARY 


In 2,500 consecutive barium enema 
examinations, only one lesion was found in 
the lateral view which could not be seen on 
at least one of the other projections. 

In no instance was a lesion found in 
the rectosigmoid by barium enema exami- 
nation which had been overlooked on endo- 
scopic examination. 

3. The measurement of the presacral 
space, even if over 2 cm., should not by it- 
self be considered as indicative of pathology 
in the distal bowel or retroperitoneal space. 
In 71 of our 75 examinations with a mea- 
surement over 2 cm., no pathology could be 
found in the rectum or distal sigmoid colon. 


Department of Radiology 
Loma Linda University 
Loma Linda, California 92354 
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ROENTGENOGRAPHIC EVALUATION OF THE 
RECTAL VALVES OF HOUSTON IN THE 
NORMAL AND IN ULCERATIVE COLITIS* 


By WILLIAM N. COHEN, M.D.f 


IOWA CITY, IOWA 


I^ 1830 John Houston? described the rec- 
tal valvular structures which bear his 
name. Usually there are 3, but they vary in 
number, size, and location. The most per- 
sistent and prominent fold is located at the 
level of the base of the bladder and pro- 
jects predominantly from the right anterlor 
aspect of the rectum. This is usually the 
middle valve, also known as the plica trans- 
versalis of Kohlrausch.? Its level has been 
measured at £-9 cm. above the anal verge, 
and bears a relationship to the peritoneal 
cul-de-sac, being just inferior to it." The 
superior rectal valve is g-11 cm., and the 
most inferior valve 2-3 cm. above the anus. 
They both tend to project from the left 
posterior quadrant of the rectum. 

The rectal valves are semilunar in mor- 
phology, attached at their convex base to 
form a slightly oblique plane, and occupy 
one-third to one-half the circumference of 
the rectum. They are thickest at their 
point of attachment, and taper towards 
their free concave margin.® Histologically 
the longitudinal muscle of the rectum by- 
passes the base of the rectal valves; how- 
ever, circular fibers do extend into them 
along with fibrous connective tissue. Their 
mucosa contains numerous follicles of 
Lieberkühn and a well developed muscu- 
laris mucosae.” 

The function of the valves has been 
stated by Houston and others to be support 
of the fecal mass in its passage through 
the anal canal. Gorsch? feels that they play 
a part in the completed action of the con- 
traction of the rectal musculature, but 
questions their efhcacy as a supportive 
agent because of their extreme variability. 
Past theories have implicated them as a 


cause of constipation.'? They are, however, 
points of anchorage for muscular coordina- 
tion because of their relationship to the in- 
dentation of the circular muscle bundles.? 

'The superior rectal valve does not mark 
the rectosigmoid junction but is inferior to 
it. This "junction," anatomically placed at 
the level of the third sacral segment, may 
be related to a fold which is of different 
structure than the rectal valves. O'Beirne 
(1834) felt this morphologic demarcation 
to be an area of increased musculature, 
which he termed the "third sphincter." 
Roentgenographically, the level of the 
rectosigmoid "junction" as determined by 
metal clips placed at time of sigmoidoscopy 
(distance 12-14 cm.) has been stated to be 
the fourth sacral segment.* This correlation, 
however, may be challenged since the pre- 
cise identification of such a point is based 
on indefinite criteria, and movement of the 
proximal rectum and sigmoid occurs with 
distention.’ 


ROENTGENOGRAPHIC APPEARANCE IN 
THE NORMAL RECTUM 


Despite the variability, at least one 
prominent fold can be detected roentgeno- 
graphically in most instances. This can be 
assumed to represent the plica transversalis 
of Kohlrausch and is best seen in the lateral 
projection. Fennessy eż a/.5 indicate that the 
maximum thickness of this fold is 5 mm., 
but supply no supporting data. Therefore, 
to define the normal roentgenographic 
appearance, examinations on 125 consecu- 
tive adult patients were studied. Patients 
were excluded who had a prior diagnosis of 
proctitis or colitis, pelvic irradiation, or 
history of chronic or recurrent diarrhea. 


* From the Department of Radiology, University Hospitals, College of Medicine, The University of Iowa, Iowa City, Iowa. 
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Most of the remainder were referred to ex- 
clude neoplasm and diverticular disease, or 
as part of a comprehensive medical evalua- 
tion. None of these had any morphologic 
abnormality of the rectum. 

The standard colon examinations were 
performed using a 10 per cent weight: 
weight USP barium sulfate suspension 
with o. 1 per cent carboxy methylcellulose 
as an additive. The left lateral projection 
centered on the rectal area was obtained 
with an overhead tube at a 40 inch dis- 
tance. The kilovoltage peak was in the 
range of 120. 

At least 1 rectal fold was identified in 
this projection in 104 examinations. This 
was located 43-9 cm. (average 6.6 cm.) 
proximal to the internal aspect of the anal 
canal, When more than 1 fold was observed, 
the most prominent one was identified in 
this zone (Fig. 1, Z and B). The width of 
the fold could be measured within 1 mm. 
in the majority of cases; however, in 
some instances a different projection was 
used to obtain a more precise measure- 
ment. In 21 patients the fold could not be 
identifed at all in the lateral projection. 
In 8 of these 1t was discernible but not 
measurable in another view. In all of these 
examinations the presacral space was less 
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than 1.5 cm. wide; therefore within the 
range of normal defined by Chrispin and 
Kelsey Fry. The vast majority was less 
than 1 cm. in width. The average width of 
the prominent rectal fold was 4.3 mm. 
with a range of 2 to 7 mm. and a standard 
deviation of 1.1 mm. The mean plus 2 
standard deviation 1s therefore 6.5 mm. 


ROENTGENOGRAPHIC APPEARANCE IN 
ULCERATIVE COLITIS 


The various roentgenographic features 
of ulcerative colitis have been frequently 
described.!: 561 The rectal manifestations 
include distorted mucosal pattern, ulcers, 
contracture, increased presacral space, and 
thickened or obliterated rectal valves (Fig. 
2, A and B). These findings in themselves 
are not specific for ulcerative colitis but 
may occur in varying degrees and combi- 
nations secondary to neoplasm, radiation 
effect, endometriosis, and infectious condi. 
tions such as lymphogranuloma venereum 
and amebiasis. 

In ulcerative colitis the wide presacral 
space is considered to be a sign of chronic. 
ity and was associated with an increased 
mortality from the disease in Edling and 
Eklóf's series.? In contrast Fennessy eż al.’ 
indicate that thickness and obliteration of 


Fic. 1. (/ and B) Normal rectal valves which measure 4 mm. in width. 
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Frc. 2. (4) Thickened and slightly blunted rectal valves in a patient with ulcerative colitis. The width 
of the prominent fold measures 9 mm. (B) Obliterated rectal valves in a patient with ulcerative colitis. 
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the rectal valves are early roen tgenographic 
changes, being observed in patients whose 
symptoms averaged 6 months. 

The association of distorted valves and 
increased presacral space is a frequent ob- 
servation in ulcerative colitis. Therefore, 
as a comparative analysis, both of these 
variables were determined in a group of 
patients with this disease to obtain the 
degree to which these parameters varied 
from normal. The colon roentgenograms 
were reviewed in a group of ṣo adult pa- 
tients diagnosed as having ulcerative coli- 
tis. This included all the patients with this 
diagnosis examined in our department 
during a 25 year period, ending December 
1967. Thirty-one of these patients had 
multiple examinations, most of which were 
made at intervals greater than 6 months 
(total of 106 examinations). The presacral 
space was measured and the status of the 
prominent rectal fold defined. When pos- 
sible a measurement of width was obtained; 
otherwise the degree of blunting or its ab- 
sence was noted. The results are illustrated 
in Figure 3. 


SUMMARY AND CONCLUSIONS 


The following conclusions are drawn 
from the above observations: 

1. When the presacral space is greater 
than 1.5 cm. and the rectal valves are 
thickened, blunted, or not visualized, a 
high probability of rectal disease consis- 
tent with ulcerative colitis or other forms 
of proctitis exists. 

2. When the presacral space is less than 
I.5 cm. and the prominent valve measures 
over 6.5 mm., the presence of rectal disease 
Is suggested. 

3. The absence of valves roentgeno- 
graphically associated with a normal pre- 
sacral width is in itself of indeterminate 
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significance due to the relatively high num- 
ber of normals in this group. Likewise, 
patients with early or minimal proctitis 
may overlap the normal range in both of 
these parameters. 


Department of Radiology 
University Hospitals 
College of Medicine 

The University of Iowa 
Iowa City, Iowa 52240 
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CHEST ROENTGEN FINDINGS OF SUBDIAPHRAG- 
MATIC ABSCESS WITH ANTIBIOTIC THERAPY* 


By THOMAS H. JOHNSON, Jr., M.D.f 


MEMPHIS, TENNESSEE 


RIOR to the miracle of antibiotic ther- 

apy, patients developing a subdiaphrag- 
matic suppurative process from whatever 
cause usually appeared acutely ill. With 
the advent of antibiotics the clinical symp- 
tomatology has become less acute in the 
beginning but pursues a relentless debili- 
tating course and even when surgically 
treated may still result in death. Chest 
roentgen findings, if recognized, may pro- 
vide the first suspicion of this complication. 

Not only have the clinical symptoms 
become less pronounced but the physician 
often is lulled into unsuspecting compla- 
cency by this very absence of dramatic 
findings. Recent interest in the early diag- 
nosis of the subdiaphragmatic abscess ?/^ 
and its correct anatomic orientation,’ has 
led to a re-evaluation of the criteria of 
diagnosis. 

Roentgenology has, since its inception, 
played a significant role in the diagnosis of 
subphrenic disease. Few reports have 
dealt with the roentgen findings alone. Per- 
haps this is as it should be, but it has led to 
frequent disdain of positive roentgen find- 
ings and even of roentgenography as a 
valuable aid in establishing a very serious 
diagnosis. 

The purpose of this paper is fourfold: 
(1) To evaluate the thoracic roentgen find- 
ings in cases of subphrenic abscesses in the 
antibiotic era, which were proven opera- 
tively or by autopsy; (2) to establish the 
roentgenograms and roentgen work-up 
prior to the diagnosis, and the frequency 
and number of days of chest roentgeno- 
graphic findings before the treatment or 
final diagnosis; (3) to correlate the informa- 
tion available in this series regarding cause, 
infectious organisms, age, sex incidence, 
etc.; and (4) to formulate a logical roentgen 


approach for the work-up of patients sus- 
pected of having a subdiaphragmatic ab- 
scess. 


MATERIAL 


Between January 1961 and October 
1965, a period of 58 months, there were 36 
patients with the diagnosis of subdiaphrag- 
matic abscess in the City of Memphis Hos- 
pitals. The records and roentgenograms of 
these patients were reviewed and the 
roentgen findings charted. In one case, no 
roentgenograms were available for review; 
therefore, the roentgenographic reports 
were accepted for statistical purposes. All 
patients received adequate treatment, in- 
cluding appropriate antibiotics for the 
original disease or subsequent complica- 
tions. 

Of the 36 patients, 23 or 63.9 per cent 
were males. The youngest was 7 years of 
age; the eldest was 74 years of age. The 
largest group was 21-40 years of age (Fig. 
1). Eight or 22.2 per cent of those studied 
died. Two of these were not clinically diag- 
nosed until autopsy, although there were 
positive roentgen findings. 

Of the subdiaphragmatic abscesses, 20 
were located on the right side only. The 
left side was the location of 10, whereas 6 
involved both sides of the subphrenic area. 
From these statistics, it would seem that 
the subphrenic abscess has a predilection 
for the right side, possibly because of the 
greater frequency of appendicitis and its 
complications in this area. 

Table 1 shows the admission diagnoses of 
the 36 patients. In 11, a subphrenic abscess 
developed following trauma to the abdo- 
men, caused by a stab, gunshot, auto ac- 
cident, or other violence. In g, an abscess 
developed following perforation of a benign 


* From The Department of Radiology, University of Tennessee, College of Medicine, Memphis, Tennessee. 
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ulcer, 4 duodenal and 5 gastric. Four of the 
g patients developing a subphrenic abscess 
after perforation of a gastric ulcer died. In 
6 patients, subphrenic abscess followed 
ruptures of the appendix. In 5, the abscess 
developed as a postoperative complication 
following surgery for various conditions. 
In 3 patients, the abscesses were associated 
with malignancies; in 2, with biliary infec- 
tions; in the final patient, no precedent of 
the abscess was recognized. 


BACTERIOLOGY 


In 5 patients no cultures were obtained 
and in 1, cultures from a subphrenic necro- 
tic malignancy grew no bacteria. In the 
remaining 32 patients, the bacteria most 
frequently found were Escherichia coli, 
Staphylococcus aureus haemolyticus, Aero- 
bacter aerogenes, Streptococcus faecalis and 
Pseudomonas aeruginosa. The complete 
summary is given in Table xx. In most 
cultures more than one organism was 
found. Escherichia coli was the single or- 
ganism in 6 of the 11 patients with only one 
bacterium type present. Staphylococcus 
aureus haemolyticus was the single orga- 
nism in 4 abscesses, and Coliform aerogenes 
in I case. 


ROENTGEN FINDINGS 


The roentgen findings that have been 
described in subphrenic abscesses were 
listed, and each case 1n the present study 
was checked for these and the presence of 
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Fic. 1. Classification of cases by age and sex. 
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TABLE I 
INITIAL CAUSES OF SUBDIAPHRAGMATIC ABSCESSES 








me ; Per 
Diagnosis No. Cent 
Idiopathic primary abscess (no cause I 2.8 
found) 
Benign ulcer with perforation (duodenal) 4 11.1 
(gastric) § 13.9 
Perforated gangrenous appendicitis 6 16.7 
Postoperative for other reasons pr 49.9 
Associated with malignancies 3 8.3 
Cholangiolitis I 2.8 
Post cholecystitis with stones— I 2.8 
perforated 
Trauma to abdomen (fight, stab, auto 11 30.6 


accident, gunshot) 


* One postoperative case was also associated with malignancy. 


other findings. Findings were those ob- 
tained from chest roentgenograms, as only 
chests were roentgenographed early in the 
patient’s hospital course in the majority of 
cases. Other findings from abdomen 
studies, fluoroscopy, etc., were noted 
when available. The date first associated 
with each finding was compared with the 
date the existence of a subdiaphragmatic 
abscess was recognized. In this way, a pro- 
gression of findings was established. 

The abnormal roentgen findings with 


TABLE II 


BACTERIOLOGY 


Organism No. of Cases 
Staphylococcus aureus haemolyticus I 
Coliform aerogenes 

Proteus mirabilis 

Streptococcus faecalis 

Pseudomonas aeruginosa 

Beta streptococcus 

Escherichia coli 1 
(Aerobacter) aerogenes 
Streptococcus viridans 
Diphtheroid 

Proteus vulgaris 
Citrobacter 

Candida 

Candida albicans 


Hafnia 


oM 
tt ot Ot ot tr OO em d Ux UA dA Ge 


Mixed infections 


ped 
“J 


DIAPHRAGM 
UP 
BLUNTED 
CPA 


PLEURAL 
EFFUSION 
INFILTRATE 
PULMONARY 
ATELECTASIS 
ILEUS 


DECREASED 
DIAPHRAGM 
MOVEMENT 


FIXED 
DIAPHRAGM 
PNEUMO- 
THORAX 
SUBPHRENIC p 
GAS (AIR 


FINDINGS 


Sata tat 


SET REOR] ooo oo 0i 10000000 0000008 00000008 | 
O 2 4 6 8 1 12 i4 16 18 20 22 24 26 28 30 32 34 36 


Thomas H. Johnson, Jr. 





NOVEMBER, 1968 


EEUU 35 ( 10096) 


NO. OF CASES 


Fic. 2. Findings present as diagnosed by chest roentgenography. Note: Findings evaluated for 35 cases 
only; 1 case had no chest roentgenogram prior to diagnosis. CPA —costophrenic angle. 


their frequency of occurrence are sum- 
marized in Figure 2. Since there was no 
chest roentgenogram available prior to 
diagnosis for one patient, 35 is the 
incidence of any single finding. Abdomen 
roentgenogram, diagnostic pneumoperito- 
neum, and barium studies were performed 
too infrequently to be of statistical use in 
this evaluation. 

The single finding present in all cases of 
subdiaphragmatic abscesses was elevation 
of the diaphragm. With a unilateral ab- 


scess, the diaphragm elevation was out of 
proportion to that seen on the opposite 
side. When the elevation was bilateral, the 
findings were more marked than the 
changes seen in other causative conditions. 
Although 1 patient had an elevated dia- 
phragm 26 days before the diagnosis, the 
median number of days before this finding 
was 8 days (Table 111). In 27 of the cases 
studied, the elevated diaphragm was one 
of the first findings noted. The applicable 
findings noted most frequently before the 


Tase III 


ANALYSIS OF PERTINENT FINDINGS FOR SUBDIAPHRAGMATIC ABSCESSES ON CHEST ROENTGENOGRAMS 


Radir Incidence: 
No. of Cases 
Diaphragm elevated 26 
Blunted costophrenic angle 32 
Pleural effusion 26 
Infiltrate 22 
Pulmonary atelectasis 22 
Ileus II 
Decreased diaphragm movement 9 
Fixed diaphragm 7 
Pneumothorax 2 
Subphrenic gas (air fluid level) ï$ 


Days Before Operation Findings Identified 


Maximum Minimum Median Average 
26 I 8 9 
39 I 8 10 
26 I 8 9 
1g I $ 7 
1g I 6 8 
38 2 15 I4 
12 1 5 i: 
26 1 I 7 
Al 13 == 30 
33 I IO 12 
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discovery of an elevated diaphragm were 
the existence of an ileus or pneumothorax, 
both comparatively rare occurrences and 
associated with the causative pathology 
rather than the subphrenic abscess. 

A blunted costophrenic angle was noted 
on the chest roentgenograms of 32 cases; 
the 3 exceptions included 1 case caused by 
chronic cholecystitis with the subphrenic 
abscess anterior at the abdominal wall and 
right lobe of the liver, 1 case of perforated 
duodenal ulcer with the abscess retroperi- 
toneal showing a gas fluid level as well as 
involving the posterior liver and dia- 
phragm, and 1 case of primary right sub- 
phrenic abscess without identifiable cause 
in an 8 year old child which was disclosed 
by an air fluid level beneath the right dia- 
phragm. Although a blunted costophrenic 
angle in 1 patient was recognized 39 days 
before diagnosis of a subphrenic abscess, 
median time lapse before diagnosis was 8 
days; the same as the median time for an 
elevated diaphragm. The average time 
lapse for identification of a blunted costo- 
phrenic angle was 10 days, indicating that 
blunting of the angle could be determined 
slightly before an elevated diaphragm, 
where both findings occurred. This trend 
might be more pronounced, had the patients 
developing subdiaphragmatic abscesses 
been followed more closely with roentgenog- 
raphy. 

Twenty-six patients demonstrated pleu- 
ral effusions prior to diagnosis. The median 
time lapse was 8 days; the average, 9 days. 
Pleural effusion was found to be a quanti- 
tative progression of the costophrenic angle 
blunting and thus occurred later in all cases 
where earlier roentgenograms had demon- 
strated blunting. Effusion was never diag- 
nosed before costophrenic angle blunting. 

Both infiltrates and pulmonary atelecta- 
sis were considered encountered in 22 
patients. Unless consolidation was identi- 
fied, it was impossible to differentiate 
patchy infiltrates from atelectasis. Even 
then a common frequency of the two diag- 
noses was demonstrated. These were gener- 
ally later findings in the development of 
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subdiaphragmatic abscesses, whereas me- 
dian time was 5 days for infiltrates and 6 
days for atelectasis. 

An ileus was noted in 11 cases and was 
one of the earlier findings. The median 
occurrence of ileus was 15 days before 
diagnosis. 

Diaphragmatic fluoroscopy was carried 
out in only 16 cases prior to diagnosis. 
There was decreased diaphragmatic move- 
ment in 9 cases and a fixed diaphragm in 
7 cases. The abnormality was always on the 
side of the abscess. Fluoroscopic diaphrag- 
matic abnormalities seemed the most signif- 
icant roentgen finding for clinical diag- 
nosis of a subdiaphragmatic abscess. Fluo- 
roscopy was performed the day of the 
operative procedure in 3 cases and the day 
before operation in 5 cases. 

Subphrenic gas was encountered in 15 
patients or 41.6 per cent of the series. The 
average frequency of days before operative 
Intervention was 12 days with a median of 
IO days. The most frequent diagnosis in 
patients with subdiaphragmatic gas was a 
perforated viscus. Of these 6 cases, 4 demon- 
strated gastric perforations and 2 were 
duodenal perforations. The remaining diag- 
noses were acute appendicitis (4), abdom- 
inal trauma (2), and postoperative (2). 
Subphrenic gas was also present in the one 
patient with a primary abscess. The bac- 
terial flora in these abscesses revealed a 
mixed infection in 11 cases. The most 
frequent organisms were Escherichia coli 
(11 cases), Staphylococcus aureus (6 cases), 
and Aerobacter aerogenes (5 cases). 


DISCUSSION 


The clinical pattern of a subdiaphrag- 
matic abscess has altered in the antibiotic 
era. Before antibiotics, a patient usually 
appeared critically ill with fever, malaise, 
sweating, anorexia, chills, and leukocyto- 
sis. With adequate antibiotic treatment, 
the symptoms originally associated with 
subdiaphragmatic abscesses may be masked. 
The patient's complaint may be “just not 
feeling well" accompanied by symptoms of 
malaise and low-grade fever. The blood 
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white cell count, pulse rate, etc., may be 
normal? Roentgenographic changes may 
often be the earliest indication of this de- 
veloping pathology. 

Since a patient in the hospital with a 
developing complaint will frequently have 
a chest roentgenogram ordered as one of 
the earliest roentgenographic procedures, 
recognition of early changes about the 
diaphragm should immediately point an 
accusing finger toward subdiaphragmatic 
pathology. The most frequent early find- 
ings in this series were disproportionate 
elevation of the diaphragm (100 per cent 
of cases) and blunting of the costophrenic 
angle (91 per cent of cases). These occurred 
an average of 9 and 10 days, respectively, 
before the proving and treatment of the 
abscess. Less frequent and generally later 
findings were pleural effusion, pulmonary 
atelectasis, and pulmonary infiltrates. 

Subphrenic gas,or gas with an air fluid 
level, occurred in 42 per cent of the cases. 
While many consider this finding diagnostic 
of subphrenic abscess,** others believe that 
this must be differentiated from gas pres- 
ent due to the primary pathology. In 
our series, subphrenic gas was seen in some 
cases several days preceding the appear- 
ance of other abscess-related findings, but 
disappeared before or during the time of 
abscess development. Other patients de- 
veloped gas following other evidences of 
an abscess. In 2 of the 3 cases which dem- 
onstrated diaphragm elevation but no 
costophrenic angle blunting, the subdia- 
phragmatic abscess was first suspected 
because of the gas fluid level. Although the 
finding of a gas fluid level beneath the 
diaphragm should probably be a danger 
signal to suspect this type of abscess, dis- 
proportionate diaphragmatic elevation and 
pleural blunting must be viewed with a 
higher index of suspicion. 

When chest roentgenography indicates 
a suspicion for subdiaphragmatic path- 
ology, other roentgenologic studies can 
confirm this. The other modalities available 
include abdominal roentgenograms, fluo- 
roscopy, Bucky studies, barium contrast 
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evaluation, pneumoperitoneum,and kymog 
raphy.? Radioisotope scanning is useful 
to confirm the diagnosis. It is our opinion 
that the quickest and most revealing study 
is diaphragmatic fluoroscopy with a barium 
swallow, and this procedure should prob- 
ably be performed in all cases of suspected 
subphrenic abscess. 

The predominant etiologies revealed in 
this study involved abdominal trauma, 
benign ulcer perforation, and perforated 
appendicitis. Of the 8 deaths in the series, 
4 were associated with the etiologic diag- 
nosis of perforated gastric ulcer. Other 
diagnoses prior to death included 2 cases 
of abdominal trauma, 1 case of appendi- 
citis, and 1 case with postoperative compli- 
cations from surgery for bleeding ulcers 
and an incarcerated hernia. 

Bacteriologic information revealed a 
mixed flora of cultures in 17 cases. In view 
of the adequate antibiotic coverage at the 
time of subdiaphragmatic abscess develop- 
ment, the frequency of specific bacteria 
becomes important. Escherichia coli was 
involved in 18 cases of subphrenic abscess, 
and present in the abscesses of 7 of the 
patients who died. Staphylococcus aureus 
was present in 14 cases of subphrenic ab- 
scess and was noted in the cultures of 2 of 
the terminal patients. 


SUMMARY 


1. Subdiaphragmatic abscesses occur in 
patients adequately treated with antibiot- 
ics, but the antibiotics may mask the 
symptoms of the abscess. 

2. Roentgenologic findings can be the 
first indication of a subphrenic suppura- 
tive process. A patient without improve- 
ment following surgery, or deteriorating, 
usually has a chest roentgenogram as a 
part of evaluation; therefore, it 1s impor- 
tant to recognize sentinel thoracic findings 
of subdiaphragmatic infection. 

3. The most useful roentgenologic pro- 
cedure in establishing a suspected dia- 
phragmatic abscess is fluoroscopy of the 
diaphragm with a barium swallow study. 
This technique probably should be em- 
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ployed in all suspicious cases. Radioisotope 
scanning is useful to confirm the diagnosis. 

4. The primary predisposing etiology 
noted in the study was abdominal trauma. 
The most significant organism noted was 
Escherichia coli. 


Department of Radiology 
The University of Tennessee 
College of Medicine 

Walter F. Chandler Building 
865 Jefferson Avenue 
Memphis, Tennessee 38103 
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IDIOPATHIC DIAPHRAGMATIC PARALYSIS* 


By ISRAEL STEINBERG, M.D.,t IRWIN BLUTH, M.D., and BRUCE STEGER, M.D. 


BROOKLYN, NEW YORK 


STON unilateral paralysis of volving the phrenic nerve. Riley in 1962, 
the diaphragm in an adultis most often thoroughly reviewed the literature and 
due to bronchogenic cancer of the lung or listed 23 causes of diaphragmatic paraly- 
metastatic disease of the mediastinum in- sis. He was able to find only 79 cases of 
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fe 





Fic. 1. (4) Conventional frontal roent- 
genogram of the chest showing the ele- 
vated right diaphragm. (B) Lateral view 
also showing paralysis of the diaphragm. 
(C) Serial section frontal roentgenogram 
showing the clear tracheobronchial sys- 
tem and a density in the right apex. 


* From the Departments of Medicine and Radiology, The Brookdale Hospital Center, Brooklyn, New York. 
Aided by a grant from the Health Research Council of the City of New York under contract U-1942. 
+ Recipient of Career Scientist Award of the Health Research Council of the City of New York under contract 1-549. 
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idiopathic. diaphragmatic paralysis. The 
largest number, a group of 40 cases, was 
reported by Dewslas and Clagett’ in 1960, 
and Riley! reported 8 cases from The New 
York Hospital. Since then only two addi- 
tional reports have been published.*5 


REPORT OF A CASE 


A 63 year old white man was admitted on 
January 11, 1968 with chief complaints of sud- 
den onset of dyspnea, cough, and expectoration 
of white mucoid sputum which began 9 days 
prior to admission. The past history was en- 
tirely normal and a chest roentgenogram made 
5 years prior to the present admission was also 
normal. 

Physical examination revealed a well-de- 
veloped and well-nourished man who had dys- 
pnea during conversation. The blood pressure 
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was 130/90 mm. Hg. The heart rate was rapid 
IOO per minute and there diminished 
breath sounds, dullness, and fatness of the 
right lower lung field posteriorly. The le 
was Clear. 

The roentgenograms of the chest revealed 
clear lung fields (Fig. 1, 4 and B). The right 
leaf of the diaphragm was elevated and moved 
paradoxically when observed roentgenoscopic- 


were 


ft lung 


ally. Serial section roentgenography (tomog- 
raphy) of the chest revealed patent bronchi 
and right apical haziness (Fig. IC). Angio 


cardiograms showed displacement of the in 
nominate vein and artery (Fig. 2, 4, B and ( 
A retrograde arteriogram showed dis 
placement of the innominate artery (Fig. 3 
The patient quickly i improved and ta cough 
and expectoration disappeared. 


also 


Papi uu 


studies of the sputum were negative. He wa: 
discharged after 9 days. Roentgenoscopy of die 





Fic. 2. (4) Frontal angiocardiogram show- 
ing lateral displacement of the right 
innominate vein. (B) Later in the series, 
there is displacement of the right lower 
lobe blood supply (arrow). (C) At the end 
of the series, the right innominate artery 
(arrow) is displaced 
the right hemithorax. 


(buckled) towards 





Fic. 3. Right brachial arteriogram showing the dis- 
placed innominate artery due to atherosclerosis. 


chest showed persistent paradoxical motion of 
the right leaf of the diaphragm several months 
after discharge. 





Fic. 4. (4) Conventional teleroentgeno- 
gram of a 2 year old child showing dis- 
placement of the heart to the right hemi- 
thorax and densities of the left lower lobe. 
(B) Pneumoperitoneum showing the 
atrophied left diaphragm (upper arrow), 
left lobe of the liver (middle arrow), and 
stomach (lower arrow). (C) Recumbent 
right lateral study showing the even- 
trated diaphragm (upper arrow), liver 
(middle arrow), and stomach (lower 
arrow). 
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DISCUSSION 


In the patient herein reported, paralysis 
of the right diaphragm was confirmed when 
the sniff test failed to show motion of the 
diaphragm (Fig. 1, Æ and B). Pulmonary 
neoplasm seemed unlikely after serial sec- 
tion roentgenograms failed to show occlu- 
sion of the tracheobronchial tree (Fig. 1C). 
Because of the right apical haziness, angio- 
cardiography was performed. This revealed 
displacement of the innominate vein and 
artery to the right (Fig. 2, 4 and C; and 3). 

Idiopathic paralysis of the diaphragm 
must also be differentiated from eventration 
of the diaphragm. The latter is probably a 
congenital defect and most often occurs on 
the left side (Fig. 4, 4, B and C). At opera- 
tion and autopsy, an eventrated diaphragm 
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appears to be a translucent fibrous mem- 
brane.1-49. 9-18 

Riley^ and Douglas and Clagett? have 
indicated that the prognosis of idiopathic 
paralysis of the diaphragm is good. Riley! 
has also emphasized that even though 
some of his patients were explored because 
they were men in middle age, cancer was 
not found, and has not been reported in 
any of the cases of idiopathic paralysis of 
the diaphragm in the literature. 


CONCLUSIONS AND SUMMARY 


| 
A 63 year old man developed sudden dys- 
pnea and was found to have paralysis of 
the right diaphragm on roentgenographic 
and roentgenoscopic examinations. Serial 
section roentgenography (tomography) 
showed a normal tracheobronchial tree and 
deviation of the right innominate vein and 
artery. Angiocardiography and brachial 
arteriography demonstrated that the right 
apical shadows were due to buckling of the 
great vessels. Because these studies ruled 
out pulmonary neoplasm and pneumonia, 
a diagnosis of idiopathic paralysis of the 
diaphragm was made. Subsequent follow- 
up studies failed to show subsidence of the 
paralysis of the diaphragm. 
Israel Steinberg, M.D. 


340 E. 64th Street 
New York, New York 10021 
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PYLORIC STENOSIS: AN UNUSUAL COMPLICATION 
OF ALKALINE CORROSIVE POISONING* 


By VIVIAN J. HARRIS, M.D. 


COLUMBUS, OHIO 


HE swallowing of an alkaline corrosive, 

such as sodium hydroxide (lye), al- 
though frequently causing esophageal nar- 
rowing, seldom results in pyloric or antral 
stenosis. By neutralizing ingested alkali, 
the gastric acid secreted by the stomach 
protects the stomach.?***? [n contrast, 
the ingestion of an acid corrosive often 
leads to pyloric or antral stenosis. The 
purpose of this paper is to report 2 pa- 
tients who developed severe stenosis of the 
gastric antrum as an unusual complication 
of alkali ingestion. In addition, a third pa- 
tient is reported who acquired a similar 
lesion after swallowing acid. 


REPORT OF CASES 


Case 1. After accidentally ingesting Drano 
(54.2 per cent sodium hydroxide), L.L., a 22 
year old white man, experienced esophageal 
burns and stricture. Upon improving in the 
hospital, he was discharged on a regimen of 
esophageal self-dilatations. He re-entered Uni- 
versity Hospital 6 weeks after the initial epi- 
sode complaining of weight loss, postprandial 
vomiting, and esophageal pain. An upper gas- 
trointestinal series showed moderate pyloric 
obstruction and esophageal stricture (Fig. 1; 
and 2). Laparotomy revealed gastric dilatation 
and a shortened, scarred pylorus. The gastric 
antrum was resected and a Billroth I anastomo- 
sis done. The patient did well postoperatively. 


Case rr. B.R., a 41 year old white woman 
swallowed a teaspoonful of lye while attempting 
suicide. Her buccal mucosa, tongue and phar- 
ynx became markedly inflamed. Nine days 
later, except for showing edematous gastric 
mucosa, the esophagogram and upper gas- 
trointestinal series were normal (Fig. 3). Ten 
days after these studies, however, a repeat 
upper gastrointestinal series showed that the 
lower esophagus was narrowed and the gastric 
antrum markedly stenosed (Fig. 4). 

A month after she was admitted, laparotomy 


* From the Department of Radiology, Ohio State University Coll 


+ Assistant Professor of Radiology. 





Fic. 1. Cases. Esophagogram taken 6 weeks after the 
patient drank Drano shows esophageal stricture. 


revealed the distal half of her stomach to be 
and resembling 
linitis plastica. After a gastrostomy and je- 
junostomy were done, the patient improved 
and was discharged. 


narrowed fibrosed, grossly 


Case ri. L.W., a 40 year old white woman, 
attempted suicide by drinking "Sno-Bowl" 
toilet cleaner (9g per cent hydrogen chloride) 
and antifreeze. Soon after ingesting the acid, 
she felt severe burning of the mouth and phar- 
ynx. She entered University Hospital the next 
day complaining of painful swallowing. In- 
direct laryngoscopy showed burns of the hypo- 
pharynx and epiglottis. Direct esophagoscopy 
revealed esophageal burns, although the esoph- 
agogram was normal. After being treated for 
2 weeks with adrenal corticosteroids and 
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esophageal dilatations, she was able to swallow 
soft foods and was discharged from the hos- 
pital. She re-entered a week later because she 
had begun to vomit a half-hour after meals. 
An upper gastrointestinal series now showed a 
stricture of the distal end of the stomach, al- 
though the esophagus again appeared normal 
(Fig. 5). 

Laparotomy revealed an indurated stomach, 
with scarring of its lesser curvature and thick- 
ening, fibrosis, and stenosis of its distal 4 inches. 
The patient, after undergoing a subtotal gas- 
trectomy, recovered completely. 


DISCUSSION 


since Robert described the first case in 
1828, over 200 cases of pyloric stenosis 
caused by ingestion of corrosives have been 
reported. Gray and Holmes? reviewed the 
literature up to 1948 in detail. In 1959, a 
further survey by Nevin and co-workers! 
brought the total number of reported 
cases to 170. 

Usually lye ingestion fails to cause py- 
loric stenosis. Heindl* found that pyloric 
stenosis occurred in only 20 per cent of 116 
patients who had esophageal stricture due 





l1G. 2. Case 1. Upper gastrointestinal examination 
made 6 weeks after Drano was ingested shows 
pyloric stenosis. 
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ic. 3. Case 11. Nine days after the patient ingested 
J . -< 

lye, a posteroanterior roentgenogram of the 
stomach shows edema of the gastric mucosa. 


to lye ingestion. In general, alkaline corro- 
sives attack the squamous epithelium of 
the esophagus while acid corrosives attack 
the columnar epithelium of the stomach. 
The passage of alkaline corrosives tends to 
stop or slow down at or before the cardio- 
esophageal junction. Once alkaline corro. 
sives have entered the stomach, however. 
they usually are quickly neutralized.??. 

Testa! used fluoroscopy to follow a mix 
ture of caustic soda and barium that he 
introduced into the esophagus of dogs. 
The alkaline corrosive mixture flowed 
along the lesser curvature of the stomach 





FIG. 4. Case 11. Ten days after the study shown in 
ligure 3. The upper gastrointestinal roentgeno. 
gram now shows marked narrowing of the gastric 
antrum. 





Fic. 5. Case rti. Three weeks after acid ingestion. 
'The outlet of the stomach is markedly narrowed. 
'The proximal portion of the antrum is retracted 
upwards. 


to the pylorus where severe antral spasm 
occurred. 

When ingested corrosives injure the 
stomach, the site and severity of the lesion 
are influenced by several factors including 
the amount of stomach contents, the oc- 
currence of spasm, the dependent position 
of the gastric antrum and even the presence 
of suicidal intent. If the stomach is full, 
ingested acid follows along the lesser curva- 
ture to the gastric outlet, producing py- 
loric stenosis through direct contact. Less 
frequently, mucosal erosion immediately 
proximal to the spastic segment results in 
an hourglass deformity.‘ If the stomach 1S 
empty, so that neutralization by food 1s 
absent, the ingested acid may destroy the 
lower half of the stomach. If either acid or 
alkaline corrosives have been ingested, the 
dependent position of the gastric antrum 


^ 


favors localization of the lesion to the outlet 
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of the stomach. A suicidal intent leads to 
more extensive scarring of the stomach. 
'The suicidal patient, feeling a severe pain 
in the mouth, swallows quickly; this causes 
the corrosive material to pass more rapidly 
into the stomach, where it can affect the 
pylorus.!? 

After ingestion, caustic substances cause 
mucosal swelling, followed by inflamma- 
tion and necrosis of both the mucosa and 
submucosa and the formation of local 
venous thrombi. Eventually, healing takes 
place through fibrosis and scarring. As 
happened in our 3 patients, symptoms of 
gastric obstruction are usually delayed 
until 1 to 4 weeks after the ingestion of 
cortos yes am 


SUMMARY 


1. Pyloric stenosis is common after acid 
ingestion. It seldom occurs after alkali, or 
lye, ingestion. 

2. [n patients who have swallowed cor- 
rosives, the gastric outlet may become ob- 
structed several weeks after the initial 
acute reaction has subsided. 

3. The site of obstruction depends not 
only on the kind of corrosive ingested, but 
also on the condition of the stomach when 
the corrosive is swallowed. 


Department of Radiology 
Ohio State University 
College of Medicine 
410 West 10th Avenue 
Columbus, Ohio 43210 
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ROENTGENOLOGIC AND GASTROCAMERA 
EXAMINATIONS IN THE DIFFERENTIAL 
DIAGNOSIS OF GASTRIC ULCER 


By S. BRUNNER,* I. RAHBEK f and J. MOSBECH] 


COPENHAGEN, DENMARK 


HE differential diagnosis of benign 

and malignant lesions of the stomach 
is often difficult. It is noted from larger 
series that patients with gastric ulcer, who 
have been followed both clinically and 
roentgenologically, sooner or later may 
develop cancer. The frequency of this, 
especially in surgical materials, is often 
quite high, up to 10-20 per cent. ios 
In the series of internal medicine the fre- 
quency is described as being under 3 per 
cent. 5. 

To improve diagnostic accuracy, roent- 
genologic examinations have been supple- 
mented by double contrast studies with 
thin mucosa contrast and air inflation, 
either by a tube or by mouth.‘ 

Another accessory supplementing the 
roentgenlogic examination is the gastro- 
camera—a new method in gastric diagnos- 
tics. It has been developed in Japan, be- 
cause of the frequency of cancer of the 
stomach in that country. Although many 
attempts to photograph the stomach have 
been made,® it was not until the introduc- 
tion of the Japanese gastrocamera that 
gastric photography has found greater 
utilization, particularly in Japan. Because 
of this, apart from the extensive literature 
from Japan, only sparse reports about 
this examination method have been pub- 
ishod: "^o 

'The purpose of this paper 1s to present 
the results of a preliminary investigation 
of this method and to illustrate the value 
of gastric photography in the diagnosis as 
an aid to the roentgenologic examination. 


TECHNIQUE 


The apparatus consists of a small cam- 


era, placed into the tip of a tube with a 
slightly smaller diameter, having the same 
flexibility as the gastrofibroscope (Fig. 1). 

The camera contains (Fig. 2): (1) a wide- 
angle lens with a fixed focus (F=17, f=3, 
6 mm., photographic range 2-10 cm.); (2) a 
Wolfram light bulb, which supplied by ex- 
cessive voltage will give the necessary light 
intensity at an exposure time of 1/20 ec.; 
and (3) a diminutive film-magazine with 
film in the tip and also a valve which per- 
mits air insufflation into the stomach. The 
film used is 0.530 cm. Anscochrome 
ASA 32 allowing 32 exposures.” 

The gastrocamera examination is usually 
carried out a few days after the roentgeno- 
logic examination of the stomach has 
raised suspicion of pathologic changes. 
The patient is fasting, the same as for the 
roentgenologic examination, and is pre- 
medicated with o.5 mg. atropine about 1 
hour before the examination. A local sur- 
face spray anesthesia of the tongue-root 
and hypopharynx is also used. 

The introduction of the gastrocamera 
normally is done either with the patient 
lying on his left side or sitting. Thus there 
is no difficulty in passing the instrument. 

After the introduction of the gastro- 
camera, the patient is placed under a fluo- 
roscope with a T.V. amplifier. (No hazy 
films are obtained with the exposure times 


used; Fig. 3.) 


MATERIAL 


We have examined a total of 102 pa- 
tients with clinical or roentgenologic sus- 
picion of a gastric lesion. The material 
consisted of an equal number of patients 
from Gentofte Hospital, Copenhagen and 


From the Department of Roentgenology,* Gentofte Hospital, Copenhagen, and Department of Medicine, T St. Elisabeths Hospital, 


Copenhagen, Denmark. 
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Fic. 1. Olympus gastrocamera, type GT-V. (a) Intragastric camera; (b) flexible connecting 
tube; (c) control unit. 


5t. Elisabeths Hospital, Copenhagen and 
included 50 women and 52 men in the age 
range of 29-84 years. All patients had a 
preliminary roentgenologic examination of 
the stomach. If only an older examination 
existed, a new roentgenologic study was 
always done before or immediately follow- 
ing the gastrocamera examination. All 
patients with ulcers not operated upon 
have been controlled as out-patients for 
2-8 months, until the roentgenologic exam- 
inations have shown complete regression 
of the ulcer findings. The gastrocamera 
examination has ordinarily been easy, with- 
out causing discomfort to the patients. 
There have been no complications, al. 


CAMERA PROPER 








Air hole Cap Cartridge 


Fic. 2. 


Film Film Leader 


though even patients over 80 years of age 
and patients with minor esophageal diver- 
ticula have been examined. A few examina. 
tions have been discontinued because of 
lack of cooperation or the onset of esopha- 
geal spasm. 


RESULTS 


The final diagnosis has been verified at 
operation or autopsy in 26 cases (Table 1) 
and 1s based on clinical findings in the 
remaining. The distribution of the material 
shows 13 cases of cancer of the stomach, 
36 cases of ulcers of the stomach, I9 pa- 
tients with gastritis and 5 with other benign 
conditions of the stomach. In 17 cases no 





Joint 


Lomp Connecting Tube 


Camera Lens 


Camera unit. 
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Fic. 3. Patient under TV fluoroscope with the gastrocamera in the stomach. 


certain abnormal findings were noted. In 
12 other cases the examination was unsuc- 
cessful, with a repetition being impossible. 


CARCINOMA OF THE STOMACH 
A correct diagnosis was made by roent- 
genologic examination in 7 of 13 cases of 


malignant disease. In 6 cases the lesion was 
thought most likely to be of a nonmalignant 
nature. These included 4 patients with ul- 
cers, 1 with polyposis and 1 with gastritis. 
A correct diagnosis was obtained by gastro- 
camera examination in all 13 of the 13 cases 
of malignancy. 


Taste I 


VERIFICATION OF FINAL DIAGNOSIS 





















































Diagnosis verified by Roentgenologic examination | Gastrocamera examination 
| Clinical/ INo ab-| Im- | Noab- 
Diagnosis Im- x | : 
5 Opera-| roentgeno- | ,,, , . Gas- |normal| , pres- | ,, Gas- |norma 
tion | logic exam- Total | Cancer e Ulcer | tritis | find- Cancer| sion | Ulcer | tritis | find- 
| ination /polyp | ings | polyp | | ings 
Cancer of the stomach II 2 13 7 I 4 I 13 — 
Impression/polyp 2 3 5 2 3 6 
Ulcer 9 27 36 4 I 30 I 3 32 | I 
Gastritis — 19 19 3 I c 6 4 - | 19 
No abnormal findings 4 13 "i13 3 3 | 5 3 I FI 3 L4 
Se CD = wa —|— pim 
Total | 26 64 | gO 19 9 42 | 12 8 | 16 | 6 | 33 2I | 14 
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Of the 77 patients with benign condi- 
tions, I2 were suspected of having malig- 
nant lesions on barium meal examination. 
These included 4 cases of a tumor-like im- 
pression on the greater curvature, 3 cases 
with persistent filling defects, 1 case with 
cancer of the pancreas and 4 cases with 
ulcers. Out of these 12, 10 cases were cor- 
rectly diagnosed by the gastrocamera as 
benign and 2 ulcers were interpreted as 
malignant. In an additional case the exami- 
nation with the gastrocamera alone gave a 
false positive result. The false positive re- 
sults by gastrophotography then totaled 3. 

The over-all accuracy of the roentgeno- 
logic examination was 84 per cent and of 
the gastrophotography 87 per cent. By 
combining the two techniques the accuracy 
was 98 per cent. 


GASTRIC ULCER 


A correct diagnosis by barium meal 
examination was made in 30 out of 36 cases 
of ulcer. The 6 cases were interpreted as 
cancer in 4 cases, polyposis in 1 and normal 
in I. By gastrophotography the correct 
diagnosis was obtained in 32 of 36 cases. 
The 4 false diagnoses were 3 malignant 
ulcers and 1 gastritis. 


DISCUSSION 


By roentgenologic examination of the 
pathology of the stomach it is often diffi- 
cult to obtain a clear diagnosis from the 
demonstrated changes, especially at the 
first examination. 

The results of this series show, in accor- 
dance with earlier published reports, that 
the gastrocamera examination has been 
useful as a supplement to the roentgeno- 
logic examination, limiting the number 
of equivocal diagnoses. The suspicion of 
malignancy has been confirmed in many 
cases. In a number of cases, especially 
when a roentgenologically demonstrable 
ulcer or ulceration has been found, a diag- 
nosis of cancer has been made earlier (with 
this method), than when the patient was 
followed with repeated roentgenologic con- 
trol (Fig. 4 and 5). In addition, the gastro- 
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Fic. 4. Roentgenogram of a woman 80 years of age 
with an ulcer of nonmalignant nature of the lesser 
curvature of the stomach. 


camera technique has contributed to the 
elimination of a tumor suspicion. 

It is reasonable to assume that the ap- 
plication of this examination on all patients 
with gastric symptoms would lead to ear- 
lier diagnosis and operation and thereby 
also to a better prognosis. Japanese inves- 
tigators? already seem to have confirmed 
this, as a rising number of patients with 
earlier cancer are diagnosed in Japan. 

In our material the combined technique 
of roentgenologic and gastrocamera exam- 
inations seems to have led to a greater cer- 
tainty in the diagnosis of stomach cancer, 
but unfortunately only in the more ad. 
vanced cases. This can possibly be ex- 
plained by the fact that patients with 
roentgenologically negative dyspeptic symp- 
toms have not been photographed system- 
atically. With the employed technique, 
where the gastrophotography is done under 
fluoroscopic control, it is relatively easy 
to move the instrument into the retro- 
grade position and hereby obtain good 
pictures of the fundus and cardia—areas 
that are difficult to evaluate at roentgeno- 
logic examination. On the other hand, 
lesions situated on the posterior aspect 
of the stomach and in the juxtapyloric 
area often seem to evade demonstration. 


S. Brünner, I. 





the same 
patient as in l'igure 4. A correct diagnosis of ma- 


FIG. 5. Gastrocamera examination of 


lignancy was obtained. 1=ulcer; 2— prominent 
elevation of carcinoma in the distal wall of the 
ulcer; 3— gastric angle; 4=antrum. 


SUMMARY 


In 102 patients with different diseases 
of the stomach, gastrocamera examination 
has been performed asa supplement to the 
roentgenologic examination. The results 
of the two methods are compared. 

In 12 patients the examination with 
gastrocamera failed. 

Out of 13 cases of gastric c 
were found by roentgenologic and 13 
gastrocamera examination. 

Among 77 patients with nonmalignant 
diseases, roentgenologic examination gave 
suspicion of malignancy in 12 patients, 
whereas there were only 3 false positive 
cases by gastrocamera examination. 

The over-all accuracy was 84 per cent 
by roentgenologic study, 87 per cent by 
gastrophotography, and 98 per cent by 
the combination of the two methods. 

The combined technique of roentgeno- 
logic and gastrocamera examination seems 
to have improved the diagnosis of malig- 
nancy, but unfortunately only in the more 
advanced cases. 


carcinoma, 7 
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IRACHEAL DISPLACEMENT AS A SIGN OF ESOPHA- 
GEAL OBSTRUCTION IN INFANTS AND CHILDREN* 


By MICHAEL GRÜNEBAUM, M.D. 


BOSTON, MASSACHUSETTS 


DULTS and older children can complain 

of swallowing difficulties, whereas in- 

fants and young children cannot. There- 

fore, other methods must be emploved in 

the recognition of esophageal obstruction 
in the very young. 


MATERIAL, METHOD AND DISCUSSION 


This report presents a simple but gen- 
erally unappreciated sign of esophageal 
obstruction, namely anterior displacement 
of the trachea. Examples of different types 
of esophageal obstruction are demonstrated 
in Table 1. The anterior displacement of 
the trachea by the dilated esophagus is re- 


TABLE I 


ESOPHAGEAL CAUSES OF ANTERIOR DISPLACEMENT 
OF THE TRACHEA 








Congenital Obstructions 
I. Esophageal atresia 
2. Congenital stenosis of the esophagus 
3. Achalasia 


Acquired Obstructions 


— 


. Re-stenosis after repair of esophageal atresia 
. Peptic esophagitis and stenosis 

. Chemical esophagitis and stenosis 
Intraluminal esophageal foreign body 


2 
^ 
25$ 
4. 


vealed on the lateral chest roentgenogram 
(Fig. 1—7). 





F1G. 1. Esophageal atresia. A newborn aged 3 hours. (4) The lateral chest roentgenogram shows anterior dis- 
placement of the trachea by the dilated upper esophageal pouch. The opaque draining catheter is high in 


the pharynx. (B) 


Delineation of the bottom of the dilated atretic esophageal pouch with contrast material. 


There is some aspiration of contrast medium into the trachea. 


* From the Department of Radiology, the Children’s Hospital Medical Center, Boston, Massachusetts. 
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Fic. 3. Achalasia. A baby boy aged 6 months with regurgitation, vomiting and aspiration pneumonia. (4) 
The trachea is displaced anteriorly by the air-distended esophagus on this lateral chest roentgenogram. (B) 
Enormous distention of the esophagus with “‘spastic stenosis" at the cardia is demonstrated. 











Fic. 2. Congenital stenosis of the esophagus. A baby 
boy aged 2 months who failed to grow and had 
projectile vomiting. The lateral chest roentgeno- 
gram reveals that the trachea is displaced ante- 
riorly. The barium swallow study confirms the 
anterior position of the trachea and shows that it 
is due to dilatation of the esophagus proximal to 
an area of stenosis. 





Authors, in discussing the problems of 
atresia of the esophagus and re-stenosis 
after repair, have described the anterior 
displacement of the trachea by the dilated 
esophagus.” In no other kind of esophageal 
obstruction of childhood, however, has 
this sign been mentioned.??5* Some writ- 
ers use complicated methods for analyz- 
ing esophageal pathology, such as intra- 
luminal instillation of gas followed by 
tomography. Other authors do not con- 
sider the lateral chest roentgenogram at 
all. ^^ From the cases studied at this in- 
stitution, it has been noted that a critical 
analvsis of the lateral chest roentgenogram, 
with special attention to tracheal position, 
may indicate the correct diagnosis very 
simply and promptly. 

Forward displacement of the trachea 
can, of course, occur in the absence of 
esophageal obstruction. Vascular rings, 
neurenteric cysts, aberrant thyroid tissue, 
and various benign and malignant tumors 
must be considered. In these conditions, a 
barium swallow will ordinarily reveal a 
collapsed, displaced esophagus rather than 
a dilated, displaced esophagus. It must be 
remembered that "anterior buckling of the 
trachea" may occur in expiration and in 
flexion of the head. 


SUMMARY 


An obstructed and dilated esophagus 
will often displace the trachea anteriorly 





— 


Fic. 4. Re-stenosis after repair of congenital esophageal atresia. The child was 7 months of age and examined 
because of recurrent vomiting. (/7) On the lateral chest roentgenogram there is marked anterior displace- 
ment and some narrowing of the trachea. The proximal esophagus is distended with air. (B) Barium swallow 


confirms the marked distention of the esophagus, w 


ous operation. 


hich is completely obstructed at the level of the previ- 
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ic. 5. Peptic esophagitis and stenosis. A 12 month old boy who seemed to have crampy abdominal pain and 
occasional belching and vomiting. (/7) On the lateral chest roentgenogram, minor anterior displacement of 
the trachea is shown. (B) The barium swallow shows some widening of the esophagus, a hiatus hernia, and 
lower esophageal stenosis. Apparently, regurgitation through the hiatus hernia led to peptic esophagitis and 


stricture. 
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Fic. 6. Chemical esophagitis and stenosis. A girl aged 
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10 months ingested lye. One month later, swallow- 
ing difficulties appeared. This lateral spot roent- 
genogram shows marked dilatation of the esopha- 
gus proximal to an area of severe stenosis. The 
trachea is displaced markedly, anteriorly. 


The position of the trachea on the lateral 
chest roentgenogram is, therefore, a useful, 


although generally ignored, indication of 


esophageal obstruction. 


Department of Radiology 
Children’s Hospital Medical Center 
300 Longwood Avenue 

Boston, Massachusetts 02115 
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COBBLESTONE ESOPHAGUS DUE TO 
MONILIAL INFECTION* 


By HENRY I. GOLDBERG, M.D.,t and WYLIE J. DODDS, M.D.f 


SAN FRANCISCO, CALIFORNIA 


LTHOUGH systemic infection with 
Candida albicans is not uncommon, 
particularly in patients with blood dys- 
crasias or those receiving longterm steroid 
therapy, the roentgenographic demonstra- 
tion of esophageal involvement is rare. 
Only 13 previous cases of roentgeno- 
graphically diagnosed esophageal monilia- 
sis have been reported, all of which showed 
esophageal ulceration on that examination. 
The following case report describes the 
roentgenographic appearance of esophageal 
moniliasis without ulceration. 


REPORT OF A CASE 


A 42 year old woman with systemic lupus 
erythematosus was hospitalized October 29, 
1966 because of a rash on the face and neck of 
increasing severity. The past history included 
arthralgia at age 18 years, a butterfly facial 
rash at age 37, Raynaud’s phenomenon, and 
photophobia. The patient also complained of 
mild dysphagia of 3 months' duration. 

The physical examination revealed a gen- 
eralized alopecia and an excoriated, macular 
rash on the face, neck, and vulva. A purulent 
discharge was draining from both ears. 

The results of laboratory examinations in- 
cluded a hematocrit reading of 22 per cent, a 
sedimentation rate of 39, a white blood cell 
count of 7,900 and a normal differential count. 
The total protein was 9.3 with an albumin of 
1.1 and globulin of 8.2 gm. per cent. Lupus 
erythematosus cell preparations were positive, 
as were the antinuclear antibodies for lupus 
erythematosus. Cultures from the ear grew 
Proteus. The roentgenogram of the chest gave 
no evidence of abnormality. The results of an 
upper gastrointestinal series on November $, 
1966 were reported as normal. 

Streptomycin treatment Was begun for the 
ear infection, but this drug was discontinued 
after a spiking fever developed. At that time 


a generalized pruritus was noted for which the 
patient received prednisone, 20 mg. per day. 
'The dose was increased to 40 mg. per day on 
November 17 following the development of a 
contact dermatitis. 

Because the patient complained of increasing 
dysphagia, an esophagogram was obtained on 
November 26 (Fig. 1, 4 and B). Peristalsis was 
noted to be absent and the luminal surface of 
the esophagus consisted of a cobblestone 
pattern of 2 to 5 mm., smooth, nodular, ir- 
regularly shaped filling defects. No evidence of 
ulceration was noted. 

Esophagoscopy 3 days later demonstrated a 
granular esophageal mucosa that bled easily; 
2 specimens were excised for biopsy. A white 
patch on the mucosa was washed off easily with 
saline and proved to be barium from the pre- 
vious upper gastrointestinal series. 

The histologic examination of the excised 
specimen showed stratified squamous epitheli- 
um with a few scattered areas of superficial 
erosion. An inflammatory infiltration consisting 
of polymorphonuclear ^ neutrophils, mono- 
nuclear cells, and smaller numbers of eosino- 
phils was noted to involve the lamina propria 
and submucosa (Fig. 24). At this time the con- 
dition was considered an acute and chronic 
nonspecific esophagitis of unknown etiology. 
A later review of the hematoxylin and eosin 
sections suggested the possible presence of 
hyphae. Special stains with para-aminosalicylic 
acid and silver methanamine demonstrated the 
hyphae of Candida albicans in the esophageal 
mucosa (Fig. 2, B and C). 

After the dose of oral steroids was reduced, 
the infection of the ear was controlled and the 
patient was released from the hospital. A 
repeat esophagogram on October 7, 1967 (al- 
most 1 year later) showed an atonic, dilated 
esophagus with some distal narrowing. In 
contrast to the previous esophagograms, the 
mucosal margin appeared normal (Fig. 3, 4, 


B and C). 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
Supported in part by Grant 1272 from the U.S. Public Health Service. 


+ Research Fellow, Diagnostic Radiology. 


608 


Vor. 104, No. 5 


Cobblestone Esophagus 
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Fic. 1. (4 and B) Esophagograms demonstrate the cobblestone pattern of esophageal moniliasis which is 


composed of smooth, nodular contour defects, 2 to 


esophageal wall. 


DISCUSSION 


Many similarities were noted between 
the present case of esophageal moniliasis 
and those reported previously. Severe 
dysphagia was present which, together 
with the roentgenographic abnormalities, 
disappeared after treatment—in this in. 
stance, withdrawal of steroids. The pa- 
tient had received oral steroids for a long 
time for a systemic disease (lupus erythe- 
matosus). At esophagoscopy, barium was 
seen to adhere to the esophagus in the areas 
of esophagitis. When examined fluoroscop- 
cally, the esophagus was still distensible. 
No oral lesions (thrush) were present to 
"ggest monilial infection. Grieve,‘ in a 
eview of the literature, noted that con. 
omitant oral lesions were associated with 
sophageal moniliasis in only 6 of 13 pa- 
lents. 


5 mm. in size, and involves the entire length of the 


Although most instances of esophageal 
moniliasis have accompanied leukemia and 
other blood dyscrasias, one other case of 
moniliasis in association with systemic 
lupus erythematosus has been reported.° 
In that case, however, the esophageal mo- 
tility was normal. In our patient, the gen- 
eralized atony of the esophagus with ab- 
sence of peristalsis was attributed to a 
manifestation of systemic lupus erythema- 
tosus rather than moniliasis since the ab. 
normal motility persisted after the esopha- 
gitis had disappeared. The abnormalities 
of motility described in association with 
monilial esophagitis,?:1? namely, spasm and 
irritability, disappeared when treatment 
was instituted. 

Most of the previously reported cases of 
esophageal moniliasis!—! had in common 
the presence of an irregular, ragged, shaggy 
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Fic. 2. (4) Esophageal biopsy 
shows a generally intact muco- 
sa (1). The region of the 
lamina propria and submucosa 
(2) is edematous and infil- 
trated by inflammatory cells. 
(Hematoxylin and eosin stain 
X 40.) (B) Superficial ulcera- 
tion of esophageal squamous 
epithelium by Candida al- 
bicans organisms. The small, 
rod-like structures adjacent to 
the epithelial surface are hy- 
phae of Candida albicans (ar- 
rows). (Para-aminosalicylic 
acid stain X 400.) (C) Special 
stain demonstrates invasion of 
the mucosa by Candida albicans 


organisms. (Silver methanamine stain X 400.) 


contour to the barium-filled esophageal 
lumen. Grieve! has demonstrated under- 
mining of the mucosa by ulcerations, simi- 
lar to that seen in ulcerative colitis. Pre- 
vious authors!?-! agreed that the irregu- 
lar roentgen appearance of the esophagus 
was caused by ulceration. Kaufman eż al." 
also described cases of monilial esophagitis 
with a granular cobblestone appearance of 
the esophageal mucosa, associated with un- 
derlying edema and inflammatory changes. 
They pointed out that as the disease pro- 
gressed, diffuse ulceration and eventual 
esophageal narrowing occurred. These au- 
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thors expressed the belief, however, that 
pseudomembrane formation and cellular 
debris caused the cobblestone appearance. 

The cobblestone pattern of luminal, 
nodular, filling defects in the esophagus of 
our patient was an unusual roentgeno- 
graphic appearance of esophageal monilia- 
sis. The pattern may be likened to the so- 
called cobblestone pattern in granuloma- 
tous colitis and that reported in urti- 
caria of the colon.? This pattern is produced 
by inflammation and edema of the lamina 
propria and submucosa and represents 
early changes before ulceration has oc- 
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curred. The overlying esophageal mucosa, 
invaded by monilial organisms, was gen- 
erally intact. Only a few microscopic areas 
contained superficial erosion. Therefore, 
the roentgenographic pattern was not the 
result of esophageal mucosal ulceration 
with pseudomembrane formation and cell- 
ular debris, as has been suggested by 
others.’ 
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liG. 3. Repeat esophagograms. (4) Nov- 
ember à, 1966: Distal esophagus before 
onset of moniliasis. The esophageal con- 
tour is normal. (B) November 26, 1066: 
Distal esophagus during monilial infec- 
tion shows cobblestone pattern. (C 
October 7, 1967: Contour of distal esoph- 
agus is normal—the result of with. 
drawal of steroids and subsequent dis- 
appearance of monilial esophagitis. 


SUMMARY 


A case of esophageal moniliasis is re- 
ported in which smooth, irregularly shaped 
contour defects formed a roentgenographic 
pattern designated as “cobblestone” esoph- 
agus. A cobblestone pattern is thought 
to be the result of edema and inflammation 
of the esophageal wall rather than of 
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mucosal ulceration, and represents early 
changes in monilial esophagitis. 


Henry I. Goldberg, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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INTRAMURAL ESOPHAGEAL DIVERTICULOSIS 
AND MONILIASIS* 


A POSSIBLE ASSOCIATION 
By ROSALIND H. TROUPIN, M.D.f 


AUGUSTA, GEORGIA 


IVE instances of esophageal intramural 
- diverticulosis have been reported in the 
radiologic literature to this date. The pur- 
pose of this paper is to present a sixth case; 
the first, to our knowledge, in which the 
esophagus was biopsied. The totally unex- 
pected finding of moniliasis prompted this 
case report and a brief review of the sub- 
ject. 


REVIEW OF THE LITERATURE 


Mendl, McKay and Tanner* in 1960 
reported the case of a 56 year old male who 
had suffered episodic dysphagia of 9 
months’ duration. Esophagography dem- 
onstrated innumerable 1-2 mm. narrow- 
necked diverticular outpouchings along 
the entire length of the thoracic esophagus. 
Irregular tonic contractions of the lower 
esophagus were noted, suggesting to the 
authors that an increase in intraluminal 
pressure might be a contributing factor to 
the development of these diverticula. 
Esophagoscopy was reportedly negative. 
These authors were struck by the roent- 
genologic resemblance of these diverticula 
to the Rokitansky-Aschoff sinuses seen in 
diseased gallbladders. 

The case reported by Hodes and co- 
workers? in 1966 was that of a 52 year old 
man with 5 years of episodic dysphagia. 
The diverticula were predominantly in the 
upper half of the esophagus, and again, 
increased tone and hyperperistalsis were 
noted. Esophagoscopy on the previous day 
had shown a food particle lodged above the 
thoracic inlet; however, the remainder of 
the esophagus appeared normal, An esoph- 
agogram 3 years later, when the patient was 
asymptomatic, showed unchanged intra- 


mural diverticulosis. An addendum to this 
article mentions an earlier case seen by 
Dr. Richard Schatzki. 

The fourth report, by Culver and 
Chaudhar? in 1967, described a 21 year old 
male who had had dysphagia since infancy. 
Barium swallow examination revealed a 
moderate stricture involving a 2 inch seg- 
ment of esophagus at the sternoclavicular 
level. Many intramural diverticula were 
visualized in the narrowed area and addi- 
tional scattered ones were noted through- 
out the remainder of the esophagus. Esoph- 
agoscopy confirmed the presence of the 
stricture, which could not be traversed. 
The visualized mucosa appeared normal. 
A follow-up esophagogram after 2 years 
was unchanged. 

In the most recent report, Zatzkin 
et alë described a case which demonstrated 
the characteristic roentgenologic morphol- 
ogy of intramural diverticulosis. Co-exist- 
ent disease included a pharyngo-esophageal 
web and far advanced cavitary pulmonary 
tuberculosis. 


REPORT OF A CASE 


M.S.M. (ETMH 7090-783), a 75 year old 
Negro female was seen in the out-patient 
clinic on December 7, 1967, complaining of 12 
years of episodic dysphagia. Physical examina- 
tion was unremarkable except for severe dental 
caries and stomatitis. Mouth culture grew a 
mixed flora including monilia. 

Esophagography on December 14, 1967 
(Fig. 1, Æ and B) demonstrated moderate nar- 
rowing of an 8 cm. segment of the esophagus 
above the level of the aortic arch. Multiple 
1—3 mm. narrow-necked outpouchings were 
seen projecting from an otherwise smooth 
lumen. The diverticula were concentrated at 


* From the Department of Radiology, Medical College of Georgia, Augusta, Georgia. 
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Vic. 1. (4) Right anterior oblique esophagogram. There are multiple intramural diverticula, predominantly 
involving the upper third of the thoracic esophagus. (B) Magnification of affected area. (LogEtronic repro- 


duction.) 


the level of the stricture and were sparcely 
scattered below it. Analysis of a cine exam- 
‘nation showed impaired distensibility and 
peristalsis of the narrowed segment, without 
hypertonicity or obstruction. 

After admission in January, 1968, esophag- 
oscopy was performed, demonstrating marked 
mucosal abnormality at the level of the stric- 
ture. The visualized mucosa was described as 
thickened, granular and hyperemic. Esoph- 
ageal washings grew out Candida albicans. 

A biopsy (Fig. 2, 4 and B) revealed several 
fragments of superficial mucosa with intense 
chronic and acute inflammation approaching 
epithelial necrosis focally. Gridley stain demon- 
strated groups of pseudohyphae having the 
morphology of Candida albicans. 

The patient has been started on antifungal 
agents and is being followed in the out-patient 


department. 
DISCUSSION 


Previous authors have offered a number 
of pertinent speculations regarding the 


etiology of these diverticula. Because of 
the youth of their patient, Culver and 
Chaudhari? felt that a developmental 
origin was likely. Mendl and his associates‘ 
suggested that normally existing neuro- 
vascular gaps in the muscular layer of the 
esophagus could be widened by chronic 
inflammation and fibrosis, permitting pul- 
sion diverticula to form. Hodes and co- 
workers? thought that these outpouchings 
might represent dilated esophageal mucous 
glands, analogous to the dilated bronchial 
glands associated with bronchial inflamma- 
tory disease. This group, interestingly, 
speculated that subclinical moniliasis might 
be an etiologic factor causing structural 
changes in the esophageal wall. 

The previously reported cases have in 
common the presence of dysphagia and 
diverticulosis, but vary regarding hyper- 
tonicity, stricture and esophagoscopic mu- 
cosal appearance. The possibility that 
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F16. 2. (4) Esophageal biopsy. (Hematoxylin and eosin stain, low magnification.) There is an intense in- 
flammatory cell infiltration. (B) Esophageal biopsy. (Gridley fungus stain, high power magnification.) 
Many groups of pseudohyphae having the morphology of Candida albicans are seen. 


asymptomatic intramural diverticulosis oc- 
curs with any frequency in the population 
can be dismissed. The lesions are obvious 
and can be visualized readily on routine 
upper gastrointestinal examinations done 
for unrelated complaints. 

The hypothesis that esophageal inflam- 
mation is responsible for these outpouch- 
ings remains attractive, but unproven. 
Mucosal biopsy in the presented case was 
helpful in patient management by docu- 
menting active inflammation of a specific 
etiology. The limited depth of the endo- 
scopic biopsy fragment did not permit us 
to resolve the question of mucosal hernia. 
dons versus dilated glands. This will prob- 
ibly have to await more complete histo- 
ogic study of a full-thickness surgical or 
lutopsy specimen. The co-existence of 
‘sophageal moniliasis in this case was not 


suspected roentgenologically. The char- 
acteristic granularity and irregular mucosal 
ulcerations described in the literature,! 
were not present, even in retrospect. 


SUMMARY 


An additional case of intramural esopha- 
geal diverticulosis is reported which dem. 
onstrates again the multiple, minute, nar- 
row-necked outpouchings in a patient with 
dysphagia. In this case, the first to be bi- 
opsied, active esophageal moniliasis was 
documented. 

Although the esophagoscopic appearance 
of the mucosa in previous cases did not 
suggest active inflammation, fluoroscopi- 
cally observed hypertonicity suggested it, 
and a relationship to inflammatory disease 
had been postulated. It was speculated 
that inflammation and fibrosis might widen 
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normally occurring neurovascular gaps in 
the muscularis, or cause dilatation of sub- 
mucosal glands. The reported case demon- 
strates an association with inflammation, 
but does not define the specific morphology 
of the outpouching. 

The possibility of a causal relationship 
between moniliasis and intramural esopha- 
geal diverticulosis exists as an intriguing 
hypothesis to be tested by subsequent 
experience. 

2672 168th Avenue, S. E. 
Bellevue, Washington 98004 
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ON THE CAUSE OF TERTIARY CONTRACTIONS AND 
RELATED DISTURBANCES OF THE ESOPHAGUS* 


By O. ARTHUR STIENNON, M.D. 


MADISON, WISCONSIN 


LTHOUGH it seems to have been 
tacitly assumed that tertiary contrac- 
tions are due to a disorganized contraction 
of the circular muscle, it is generally ad. 
mitted that there is no completely satis- 
factory explanation for this and similar 
disorders of the esophagus. 

Brombart? has reviewed the mechanisms 
proposed to date and the arguments for and 
against them. He rejects Schatzki's!?!? hy- 
pothesis that periesophageal adhesions pre- 
vent normal propagation of the wave and 
demonstrates a case in which the only 
region which does zo/ manifest tertiary 
contractions is an area adherent to a medi- 
astinal lymph node. Others have failed to 
find the expected adhesions at autopsy.1*18 
Similar contractions are seen in the ureter 
on occasion, even though this organ has 
not the same exposure to extrinsic inflam- 
matory disease. 

The frequency of tertiary contractions 
in the aged prompted Jutras ef a/.,’ to sug- 
gest that compression of the esophagus by 
the shortening of the thorax in the kyphotic 
elderly patient was responsible. Brombart 
rejects this explanation on the grounds that 
the kyphosis is constant, whereas the con- 
tractions are evanescent. He concludes by 
concurring with the majority of commen- 
tators in a theory attributed to Teschen- 
dorf!? that "tertiary contractions are due 
to a nervous condition or to a neuromus- 
cular incoordination dependent on some 
reflex." 

Unfortunately, such terms as “neuro- 
muscular incoordination," ''dyssynergy," 
“dyskinesia,” “disordered motor activity,” 
“neurovegetative Störung,” etc., are nearly 
devoid of meaning. Indeed, these expres- 
sions are applied to all of the functional 
disorders of the esophagus—achalasia, dif- 


fuse spasm, scleroderma, sphincter incom- 
petence—and only serve to frustrate a 
consideration of the problem. 

The point of departure for the mecha- 
nism which I will try to show to be sub- 
stantially correct, has origins which are 
somewhat clouded by a wonderful and 
possibly unique 3 way mix-up. Brombart 
mentions in passing a theory of “‘certain 
authors” that tertiary contractions are due 
to contraction of the longitudinal muscle, 
then immediately rejects it because longi- 
tudinal folds persist throughout the region 
of involvement. The "certain authors" 
could only be Jutras e al." and "M cLarem," 
as the latter is quoted by the former in their 
well known review to the effect that longi- 
tudinal muscle contraction could be the 
effective mechanism. Jutras and his co- 
authors certainly had another theory in 
mind and mentioned it in the preceding 
paragraph of the review. It would seem 
then that credit should go to "McLarem." 
Because Jutras did not append a bibliogra- 
phy to his review, Brombart was unable to 
check the reference but, as far as can be 
determined, there does not seem to be an 
author of this name. It seemed that “Mc- 
Larem" could have been a misprint of 
*McLaren" who has, indeed, written 
briefly on the subject.) However, as it 
turns out, McLaren is on record with the 
suggestion that the muscularis mucosae 
causes tertiary contractions. With the last 
candidate eliminated, we are reduced to a 
theory without an author. 

This unsponsored theory requires some 
modification before it fits the observations 
and takes into consideration the fact that 
the circular and longitudinal muscles con- 
tract together in the act of deglutition. If 
the longitudinal muscle functions at all, it 


* From the Department of Radiology, St. Mary’s Hospital, Madison, Wisconsin. 
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must act in consort with the circular and 
the sphincter muscles. The latter have 
been shown to be reciprocal in their action; 
hence, the longitudinal muscle has to con- 
tract with either one or the other. It is not 
difficult to infer that it contracts with the 
circular muscle from the following. 

Evidence of longitudinal muscle contrac- 
tion is only seen when the organ is active; 
that is, swallowing, belching or vomiting. 
The same is true of the circular muscle in 
the normal organ. The sphincter, on the 
other hand, is contracted in the resting 
state and relaxed in the active state. Since 
tertiary contractions are encountered with 
swallowing, both the circular and longitu- 
dinal muscles must be contracting when 
they occur. 

In a number of lower animals, e.g., the 
dog, the muscle of the body consists of 
decussating spiral muscle fibers instead of 
circular and longitudinal muscles. Thus, 
contraction of these fibers constricts the 
lumen and at the same time attempts to 
shorten it. The same purpose is served in 
man by having the distinct functional ele- 
ments contract simultaneously. 

A priori, it would seem that simultaneous 
contractions of the circular and longitudi- 
nal muscles would, indeed, produce just 
uch a scalloping of the outline as 1s ac- 
tually observed, inasmuch as the longitu- 
dinal muscle would pleat or gather up the 
circular muscle, making it bulge into the 
lumen. It is necessary to prove, however, 
that: (1) scalloping of the esophageal out- 
line; (2) contraction of the circular muscle 
of the body; and (3) contraction of the 
longitudinal muscle of the body all occur 
simultaneously. 

It is easily verified that the first two 
conditions are fulfilled as the characteristic 
scallops usually appear only when the 
esophageal lumen 1s decreasing in caliber 
due to contraction of the circular muscle 
and are not seen in the resting state. The 
major problem is to identify contraction of 
the longitudinal muscle of the esophagus 
with certainty. This can be done by careful 
observation of a number of landmarks: (1) 
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the physiologic sphincter; (2) the lower 
esophageal rings and their equivalent—the 
notches of MacLean? and Zaino e£ al.;” 
(3) postcricoid webs; (4) tenting of the 
fundus into the hiatus; and (5) hiatus 
hernias. Loss of normal redundancy of the 
esophagus or its equivalent, straightening 
of tortuosities, elevation of a normal land- 
mark above its usual or resting relation- 
ship to the diaphragm, the mere appearance 
of rings and webs, the evocation of a sliding 
hernia and a stretched taut appearance of 
the organ, all indicate active contraction 
of the longitudinal muscle. Individually, 
each sign might be equivocal, but the fact 
that all of them are observed in conjunction 
with each other makes for positive recogni- 
tion of longitudinal muscle contraction. 
Moreover, all of these signs are observed 
in the active stage of deglutition in keeping 
with the logical result that the longitudinal 
muscle is active during swallowing and re- 
laxed in the resting stage. 

With these aids at one's disposal and the 
leisure to observe them, which cineradiog- 
raphy provides, simple observation in- 
variably shows some indication of longitu- 
dinal muscle contraction at the instant 
tertiary contractions appear—completing 
this portion of the proof. It is also possible 
through the use of a sustained Valsalva 
maneuver to stimulate longitudinal muscle 
contraction,!® thus eliciting many of the 
phenomena mentioned above (Fig. 1). 

At this point, however, it may seem that 
we have painted ourselves into a logical 
corner as it may be reasonably objected 
that, if concurrent contraction of the cir- 
cular and longitudinal muscle is the normal 
mode, tertiary contractions should be seen 
in every normal patient. The answer to this 
objection, which, incidentally, accounts 
for the association of tertiary contractions 
with other conditions, requires considera- 
tion of a basic principle of mucosal fold 
formation—the direction of such folds 1s 
invariably orthogonal to the smooth muscle 
fibers which produce them. Because the 
mucosal pattern of the esophagus is ex- 
clusively longitudinal, the normal folds 
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must be caused by the circular muscle of 
the body. The absence of transverse folds 
would seem to imply that the longitudinal 
muscle does not contract. Such a conclu- 
sion, of course, would be ruled out by the 
fact that anatomically this muscle is 
neither atrophic nor rudimentary. On the 
contrary, it accounts for about half of the 
muscle mass of the organ. 

The absence of such well-marked trans- 
verse mucosal folds as are seen, for ex- 
ample, in the small bowel, is due to an ana- 
tomic singularity of the esophagus. The 
organ is firmly attached to the diaphragm 
below and the hypopharvnx above with 
the rigid thoracic cage maintaining a fixed 
distance between these structures. The 
mobility of the diaphragm does allow some 
play, but not as much as might be supposed 
as the point of attachment is close to the 
spine, a region less mobile than the dome of 
the diaphragm. In normal circumstances, 
therefore, contraction of the longitudinal 
muscle is largely "'isometric."* Presum. 
ably, the epithelium of the esophagus has 
enough natural elasticity to take up the 
slight mucosal redundancy which occurs 
when the longitudinal muscle contracts in 
this fashion. It is of some interest in this 
connection that the direction of the smooth 
muscle fibers of the muscularis mucosae is 
exclusively longitudinal. 

Because of the impossibility of sufficient 
shortening, simultaneous contraction of the 
circular and longitudinal muscles does not 
normally cause transverse folds or the 
bunching and crowding of the circular ele- 
ments which would be expected on physical 
grounds. These can occur only when the 
factors maintaining esophageal length in 
spite of longitudinal muscle contractions 
are in some fashion negated. This can occur 
in three principal ways: (1) the dorsal 
spine becomes kyphotic and so approxi- 

* One complicating factor which will be mentioned briefly is 
the question of the nature of contraction of the longitudinal 
muscle per se. Is it a “peristaltic” ty pe of contraction or does the 
entire muscle contract en masse? Although of considerable theo- 
retic interest, this complication has no immediate bearing on the 
present problem. We have only to prove that the contraction, 


whatever its nature, is sufficient to produce transverse folds, 
and, in point of fact, does so. 
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lic. 1. Tertiary contractions in a woman 76 years 


old. Age and the existence of a 6 cm. hiatus hernia 
should result in a redundant, tortuous or sigmoid 
esophagus, but do not as the longitudinal muscle 
takes up the slack. Both longitudinal and trans 
verse folds are present proving contraction of the 
circular and longitudinal muscles, respectively. 
The transverse folds only appear if the esophagus 
can shorten when the longitudinal muscle con 
tracts. It is noteworthy that a lower esophageal 
ring requires the same conditions. 


mates the superior and inferior extremities 
causing a redundancy similar to that which 
appears in a bowstring when the bouts of 
the bow are bent: (2) the inferior attach- 


ment to the diaphragm is torn or stretched; 
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Fic. 2. (4) The esophagus is unique in that it is the only portion of the gastrointestinal tract which has its 


length fixed within narrow limits. It is also the only 


portion of the gastrointestinal tract without transverse 


folds. When this constraint is removed, either by avulsion and/or stretching of the diaphragmatic attach- 
ment (B) (hiatus hernia) or by the development of a senile kyphosis (C), transverse folds can develop. This 
explains the cross incidence of hiatus hernia and senescence with tertiary contractions. 


and (3) the superior attachment to the 
hypopharynx is torn or stretched. 

The dorsal spine becomes kyphotic in the 
aged. The inferior attachment becomes 
redundant in patients with hiatus hernias. 
As yet there is no disease described in 
which the superior attachment is torn or 
stretched.* It is not surprising, therefore, 
that it is in precisely the first two groups 
of patients that tertiary contractions are 
observed. Zaboralske e£ al. have recently 
documented the high frequency of tertiary 
contractions in nonagenarians. Among 
others, Brombart,? Jutras e£ al., Johnson 
et al. and Vandervelde and Carlson?? have 
called attention to the high incidence of 
tertiary contractions in patients with hia- 
tus hernia and the contrary (Fig. 2, 4, B 
and C). Cine studies of such patients show 
that the maximum development of tertiary 
contractions coincides with the peak of 
longitudinal muscle contraction. For exam- 
ple, in patients with lower esophageal rings, 
cine strips of the recently described "cap- 
tive bolus" test? demonstrate the follow- 
ing sequence: lateral notches appear im- 


* It is conceivable that Zenker's diverticulum may be the 
missing disease. 


mediately above the diaphragm following 
the onset of the sustained Valsalva effort. 
These increase in prominence and move 
proximally at the same time as a result of 
longitudinal muscle contraction. The in- 
crease in prominence is due to progressive 
redundancy of the mucosa? which occurs 
when the longitudinal muscle contracts, 
and the tertiary contractions appear at 
the point where the ring reaches maximal 
prominence and at the peak of its cephalad 
excursion. 

To summarize and somewhat generalize 
this line of reasoning, the intimate associa 
tion and sequential appearance of hiatus 
hernia, lower esophageal rings and tertiary 
contractions suggest that these 3 entities 
share a common cause; namely, contraction 
of the longitudinal muscle in circumstances 
which permit shortening of the esophagus. 
Under these circumstances, there will be 
both transverse and longitudinal folds due 
to the longitudinal and circular muscles, 
respectively. This disposes of the objection 
of Brombart.? 

The sudden onset and disappearance of 
these contractions has some bearing on 
their cause. Here again a radiologist who 
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"lives with" the gastrointestinal tract, 
finds it difficult to fit in the almost instant 
onset and regression with the deliberate 
pace of events throughout this entire organ 
system. On seeing such contractions fluoro- 
scopically, one cannot always actuate a 
spot film device quickly enough to record 
the appearance on the film. The suggested 
mechanism explains the singular feature of 
rapid, simultaneous onset and regression. 
The “bunching” occurs all at once because 
the longitudinal muscle has a leverage 
effect and acts simultaneously on all of the 
circular muscle in the region of its con- 
traction. 

If for some reason the entire circumferen- 
tial sheath of longitudinal muscle is not 
free to contract, e.g., with adhesions to the 
aorta or mediastinal lymph nodes, it is 
easy to see how the appearance of "curl 
ing" or “corkscrew esophagus" could arise 
as is shown in Figure 5, 4, B and C. 
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Such unilateral contractions would change 
the normally horizontal transverse axis of 
the sheets of circular muscle to an oblique 
direction. It does not seem difficult to ex. 
plain “tiered spasms” as a more pro- 
nounced form of the same activity. Pre. 
sumably, the stronger or more spastic cir 
cular muscle groups overcome the resis- 
tance of intervening band.like regions. 
There may well be considerable justifi- 
cation for Schatzki's'?? long-held hypothe- 
sis that adhesions play a part in the genesis 
of “curling” of the esophagus. The longitu- 
dinal muscle, situated as it is external to 
the circular muscle, is more easily affected 
by local inflammatory disease. Fixation or 
impairment can lead to the asymmetric 
contraction shown in Figure 3C. Jutras 
and co-worker’s’ impression that senile 
kyphosis might be partly responsible is also 
near the mark, but again not precisely in 
the sense that he had in mind, as it is not 
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Fic. 3. In the resting state, both longitudinal and circular muscles are relaxed (4). If both muscles contract, 
the same volume is contained in a shorter length and the apparent wall thickness increases. This can be 
misinterpreted as hypertrophy. Transverse folds appear as well (B). If one side of the organ is shifted up or 
down 1/2 cycle, as would occur if the entire sheath of external longitudinal muscle did not contract equally, 


the appearance of “curling” will result (£3. 
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compression of the organ but the slackness 
induced by the kyphosis which permits 
tertiary contractions to form. 

It has been shown that tertiary contrac- 
tions, in general, occur when there is a 
possibility of excessive shortening of the 
esophagus (that is, when a senile kyphosis 
develops or when the patient has a hiatus 
hernia). It would be logical to predict that 
if this redundancy were removed, the ter- 
tiary contraction should be "cured." The 
increasingly frequent hernia repairs of the 
Nissen-Boerema!'!! type allow us to test 
this prediction. These operations provide 
an inferior attachment for the esophagus 
and remove the redundancy which exists 
when hiatus hernia is present. My experi- 
ence has been that when a complete reduc- 
tion of the hernia is secured, tertiary con- 
tractions can no longer be demonstrated. 
This fact is the strongest possible evidence 
against the widely accepted hypothesis 
that these contractions reflect some dis- 
order of the myenteric plexus. Certainly 
we would not expect the intricate function- 
ing of this neuron network to be signifi- 
cantly affected by a gastropexy. 


WANDERING ESOPHAGUS 


[t often happens that a single case study 
will carry as much conviction as any 
amount of close reasoning. The rare oc- 
currence of so-called “wandering esopha- 
gus” provides such an example. In this 
condition, abrupt transverse movements 
of the esophagus are observed during 
swallowing. The esophagus lies in one sta- 
ble position and moves to an unstable po- 
sition momentarily before returning to its 
original site. The patient illustrated in 
Figure 4, 4 and B was an 83 year old 
woman who exhibited a sharp buckling of 
the esophagus so pronounced as to first 
suggest some extrinsic pressure defect. As 
this was being watched during the Val- 
salva test, the kink was noted to straighten 
out abruptly, the esophagus moved sharply 

* There is no doubt that the classical or plastic repairs are 
also successful in eliminating tertiary contractions. The Nissen- 


Boerema procedure in its "pure" form is more significant, from 
our point of view, as it does nothing but provide counter-traction. 
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to the right and simultaneously began 
narrowing. At this precise instant, tertiary 
contractions began to appear. When the 
esophagus returned to its original configu- 
ration, the scallops were never seen. 

One can hardly escape the conclusion 
that the straightening and loss of redun- 
dancy were due to shortening of the esopha- 
gus and that this, of course, could only be 
due to contraction of the longitudinal mus- 
cle. Again, the tertiary contractions were 
seen as the esophageal lumen was dimin- 
ishing, an indication that the circular mus- 
cle was also contracting. 

The more pronounced manifestations of 





Fic. 4. “Wandering esophagus."? In this condition 
the mid-esophagus flips momentarily to the right 
(B) with deglutition, before returning to its rest 
position and markedly sigmoid course (4) to the 
left. Longitudinal muscle contraction is the only 
conceivable explanation for this motion. The ter- 
tiary contractions appear only in the unstable 
position (B). Note the longitudinal folds, an indi- 
cation of circular muscle contraction. This phen- 
omenon illustrates again that 3 requisites are 
necessary for tertiary contractions: contraction of 
the longitudinal and circular muscles and a re- 
dundant esophagus. 
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the group of disorders under consideration 
collectively are known as "diffuse spasm” 
when they have associated clinical symp- 
toms. These symptoms are in the nature 
of substernal pain which may be most in- 
tense in the subxiphoid region and may 
radiate to the left shoulder or interscapular 
area. Code and co-workers? point out that 
although high manometric pressures have 
been recorded during episodes of pain, the 
correlation with the pain is not perfect. 
"Exceedingly high pressures of zoo cm. of 
water, and more, have been recorded in 
such patients without complaints of pain.” 
The present theory suggests that the pain 
is actually due to “spasm” of the /ongi- 
tudinal muscle, which would not be mea- 
sured by manometry and yet, would apply 
powerful traction to the phrenoesophageal 
attachments producing the pain pattern 
mentioned. It has been possible to elicit 
this pain pattern in an occasional patient 
by artificially provoking longitudinal mus- 
cle contraction with a sustained Valsalva 
test, 


SUMMARY 


Evidence is presented which leads to the 
conclusion that tertiary contractions are 
due to simultaneous contraction of the 
longitudinal and circular muscles of the 
esophagus in circumstances which permit 
excessive shortening of that organ. These 
Same processes lead to an explanation of 
the high incidence of such contractions in 
the aged and in hiatus hernia patients and 
account for “wandering esophagus." 


Department of Radiology 
St. Mary’s Hospital 

720 S. Brooks Street 
Madison, Wisconsin 53715 


The author wishes to express his thanks to 
Miss V. H. Holtz of the University of Wisconsin 
Medical Library who traced the McLaren ref- 
erence. 
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IHE FUNDOPLICATION REPAIR OF SLIDING 
ESOPHAGEAL HIATUS HERNIA: ITS ROENT- 
GENOGRAPHIC APPEARANCE* 


By WILLIAM N. COHEN, M.D.t 


IOWA CITY, IOWA 


Cy of the surgical procedures em- 

ployed in the repair of sliding esopha- 
geal hiatus hernia was described by Nis- 
sen.'? This consists of a fundoplication with 
or without gastropexy to the anterior ab- 
dominal wall. It should be of interest to 
radiologists since a mass is produced in the 
course of the repair which projects into the 
stomach about the gastro-esophageal junc- 
tion. In the absence of specific historical in- 
formation and knowledge of this operation 
the differentiation from neoplasm can be 
quite difficult. 


OPERATIVE PROCEDURE 


The abdominal approach is generally 
favored because of lower surgical risk and 
the opportunity to examine the abdominal 
cavity. A thoracic approach is justified 
when a short esophagus is present, there is 
evidence of stenosis, carcinoma is sus- 
pected, or a recurrence has developed fol- 
lowing a previous hernioplasty.*: 

After appropriate exposure, which in- 
cludes retraction of the left lobe of the 
liver, the hernia is reduced into the ab- 
dominal cavity by mobilizing the distal 
esophagus and gastric fundus. During this 
maneuver it may be necessary to sever a 
portion of the vagus nerve. If this is done 
a pyloroplasty is concomitantly indicated. 
Otherwise, the indications for pyloroplasty 
are generally based on other criteria, such 
as hyperacidity, and evidence of peptic 
disease. 

The esophago-gastric junction is then 
retracted inferiorly, and the fundus ma- 
neuvered posterior and to the right of the 
distal esophagus. Sutures are taken through 
the seromuscularis of the fundus on either 


side of the esophagus with some of them 
fixing to the anterior esophageal wall as 
well (Fig. 17). After they are drawn to- 
gether the fundus forms a cuff about the 
distal esophagus, producing a bulky mass 
and an acute cardio-esophageal angle (Fig. 
15). In addition, the internal capacity of 
the fundus is reduced and a potential space 
is created lateral and superior to the eso- 
phago-gastric junction. It can be seen 
how complications such as stenosis of the 
distal esophagus and ischemic necrosis of 
the stomach wall may occur. The risks of 
the former are minimized by doing the 
procedure with a large nasogastric tube in 
place and the latter by avoiding tension on 
tissues. Despite these precautions unusual 
postoperative edema and other factors may 
occasionally promote these difficulties. 


REPORT OF CASES 


Case 1. This 70 year old female had a 6 year 
history of epigastric pain aggravated in the 
recumbent position and associated with progres- 
sive dysphagia. An upper gastrointestinal 
examination demonstrated a sliding esophageal 
hiatus hernia. Esophagoscopy was negative. 
The hernia was corrected by a fundoplication 
procedure, and a pyloroplasty was performed. 
Postoperatively she has been asymptomatic 
except for a temporary period of sporadic 
vomiting (Fig. 2, 4-C). 


Case 11. This 65 year old female had a long 
history of epigastric distress accompanied by 
Increasing regurgitation. An upper gastroin- 
testinal examination demonstrated a sliding 
esophageal hiatus hernia, mild concentric 
narrowing of the distal esophagus, and radio- 
paque cholelithiasis. A stricture was verified 
at esophagoscopy and treated by dilatation in 
the hospital and self-dilatation at home. After 


* From the Department of Radiology, University Hospital, University of Iowa College of Medicine, Iowa City, Iowa. 
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Fic. 1. (4 and B) Operative procedure (see text). 


initialimprovement, however, the symptoms re- 
curred and the patient was operated upon. A 
fundoplication, vagotomy, pyloroplasty, and 
cholecystectomy were accomplished. When 
seen 6 weeks after surgery she had complete 
relief of her symptoms (Fig. 3, 4-C). 


Case ut. This 46 year old female had epi- 
gastric pain for 1 year prior to her initial visit 
to our hospital. At that time she also com- 
plained of a sensation of food sticking in the 
retroxiphoid region. A roentgenographic ex- 
amination demonstrated a sliding esophageal 
hiatus hernia and a persistent area of concentric 
narrowing of the distal esophagus. At eso- 
phagoscopy the presence of stricture was ver- 
ified and several superficial ulcers were visu- 
alized in the gastric pouch of the hernia. She 
received. temporary relief by dilatation, but 
because of recurrent distress the hernia was 
subsequently repaired by a fundoplication 
procedure. Postoperatively the distal esophagus 
remained stenotic within the plication and the 
patient continued to have problems with food 
sticking, requiring additional dilatation. 

Other gastrointestinal complaints later de- 
veloped which were considered to be functional. 
Because of these she went to another physician 
who was not aware of the specific nature of her 
surgical procedure. He obtained 2 upper gas- 
trointestinal roentgenologic examinations both 
of which demonstrated a mass deformity in the 
gastric fundus, and referred her back to our 


institution for evaluation of this “abnormality” 


(Fig. 4, 4-C). 


Case Iv. This 70 year old female was first 
seen with a history of right upper quadrant 
pain accompanied by fatty food intolerance 
and substernal burning. A sliding esophageal 
hiatus hernia and cholelithiasis were demon- 
strated roentgenographically and esophagitis 
verified at esophagoscopy. 

A fundoplication, cholecystectomy, vagot- 
omy and pyloroplasty were performed. Four 
days postoperatively she began to have fever 
spikes up to 103? F., accompanied by clinical 
and roentgenographic evidence of pneumonia 
in the right upper lobe. However despite 
clearing of the parenchymal infiltrate fever 
persisted. A postoperative upper gastroin- 
testinal examination demonstrated extravasa- 
tion of the contrast material in the region of the 
fundus associated with an extrinsic pressure 
deformity on the body of the stomach pos- 
teriorly. These findings were consistent with 
a tissue breakdown at the operative site and 
a lesser sac abscess (Fig. 5, 4-C). 


DISCUSSION 


The main cause of symptoms and com- 
plications (bleeding, stricture, ulcer and 
aspiration) of sliding esophageal hiatus 
hernia is gastro-esophageal reflux and as- 
sociated esophagitis.^"? Most hernias, 


Vor. 104, No. 3 Fundoplication of Sliding Esophageal Hiatus Hernia 627 





l'1G. 2. Case 1. (4) Appearance of the hernia 
and adjacent gastric fundus. (B) The 
initial. postoperative roentgenogram was 
obtained 2 weeks after surgery and dem- 
onstrates a narrowed distal esophagus 
passing through the gastric mass. (C) This 
spontaneously resumed a more normal 
caliber by the fifth postoperative month. 
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however, are asymptomatic and many of 
those with symptoms can be managed 
medically. In one series of 600 patients with 
hiatus hernia 105 were symptomatic and 
only 21 ultimately required surgical cor- 
rection.‘ In another series, 70 of 466 patients 
were operated upon.’ The predominant 
mechanism by which reflux of gastric con- 
tents into the esophagus is prevented under 
normal circumstances is now considered to 
be the presence of a competent lower eso- 
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Fic. 3. Case 11. (4) A large sliding hiatus 
hernia was accompanied by a mild 
concentric narrowing in the distal 
esophagus and gastro-esophageal re- 
flux was observed at the time of fluoros- 
copy. (B and C) One week after fundo- 
plication the distal esophagus had an 
adequate lumen and a fundal mass 
could be seen on the roentgenograms 
obtained at that time. 


phageal sphincter."” Although difficult to 
define anatomically, its presence can be 
verified manometrically.? The effectiveness 
of the sphincter is augmented by its being 
located at least partially within the abdom- 
inal cavity and thereby exposed to higher 
external pressure. Belsey? feels this in ie 
self is the significant factor in preventing 
reflux. Additional mechanisms which assist 
in the prevention of reflux are the redun- 
dant mucosal rosette protruding into the 





Fic. 4. Case 11. (4) The preoperative roent- 


genogram demonstrates a sliding eso. 
phageal hiatus hernia. Gastro-esophageal 
reflux occurred spontaneously. (B) On a 
subsequent roentgenogram 4 weeks post- 
operatively the gastric mass is evident. 
The barium contrast suspension flowed 
through the mass and was not disrupted as 
it entered the stomach. Gastro-esophageal 
reflux could not be elicited, but the lumen 
of the distal esophagus was narrowed. At 
that time the patient had a sensation of 
solid food sticking in her esophagus. This 
was relieved by dilatation. (C) The gastric 
filling defect is again demonstrated in a left 
lateral spot roentgenogram. 
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gastric lumen? and effective peristaltic 
waves in the distal esophagus. The signif- 
icance of the cardio-esophageal angle (an- 
gle of His) is controversial* and the role of 
the phrenico-esophageal ligament is not 
clearly defined." 

Surgical procedures which produce and 
maintain an interabdominal segment of 
esophagus therefore have had a higher rate 
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Fic. 5. Case 1v. (4) Roentgenogram obtained 


11 weeks after fundoplication illustrates a dis- 
crete gastric mass. (B) With the patient 
prone an accumulation of contrast material 
can be seen superimposed upon the mass. (C) 
'This was trapped posteriorly, as viewed in the 
lateral projection and was still visualized 
several days later, indicating extraluminal ex- 
travasation. 


of success in relief of symptoms than those 
which only reduced the hernia and nar- 
rowed the hiatus. The fundoplication 
procedure accomplishes this by creating a 
bulky mass which is maintained within the 
abdominal cavity and incorporates the dis- 
tal segment of the esophagus. Reconstitu- 
tion of an acute cardio-esophageal angle 
may be an associated factor in its success. 


VoL. 104, No. 3 


Excellent results in the range of 95 per 
cent relief of symptoms have been reported 
in both adults and children by employment 
of this procedure.^?' Complications re- 
ported by Krupp and Rossetti? were in- 
frequent and included gastric fistulae in the 
region of the plication, operative injury to 
the spleen, and postoperative stricture. 
However, “fairly frequent" instances of 
postoperative stenosis which usually sub- 
sided by 6 weeks occurred, and 10 per cent 
of the patients had a residual “hyperfunc- 
tion of the cardia" which consisted of a sen- 
sation of fullness in the epigastric region. 
The mortality of their abdominal opera- 
tions (545 total procedures) which included 
both fundoplication alone and gastropexy 
alone was 1.1 per cent. However, there were 
no operative deaths among the 35 patients 
over the age of 70. 

There are two features of the roentgeno- 
graphic evaluation of these patients which 
may be of use in differentiating the fundal 
mass from neoplasm such as carcinoma or 
leiomyosarcoma. The first is that the 
stream of contrast material passes through 
the central portion of the mass; and since 
the gastro-esophageal junction is located at 
the apex of its dome, does not split as would 
often be the case with a neoplasm in this 
region. Instead it tends to flow evenly over 
the subjacent portion of the mass. The 
second feature is the preservation of mu- 
cosal integrity. In this respect it resembles 
an extrinsic or extramucosal lesion except 
that in appropriate supine projections the 
contrast material forms an acute angle at 
the fornix created by the plication. It is 
felt that these observations in conjunction 
with specific historical information justify 
exclusion of gastric neoplasm. 


SUMMARY 


The fundoplication procedure for repair 
of sliding esophageal hiatus hernia is de- 
scribed. 
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Examples of the gastric mass lesion pro- 
duced by this procedure are illustrated and 
differential roentgenographic points sub- 
mitted. 
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REFLUX PANCREATOGRAPHY* 


AN EVALUATION OF CONTRAST AGENTS 
FOR STUDYING THE PANCREAS 


By ROBERT L. WALDRON II, M.D. 


NEW YORK, NEW YORK 


Ie there has been cause for op- 
timism in the development of a satis- 
factory retrograde technique for roentgeno- 
graphic visualization of the pancreas. 
Waldron eż al!2? reported successful reflux 
after surgical placement of intraluminal 
balloons to isolate the duodenal segment 
into which the pancreatic duct drains. In 
subsequent work Waldron and co-workers? 
have developed a method for reflux pan- 
creatography after duodenal intubation via 
the nasogastric route. Rabinov and Simon? 
were successful in intubating the ampulla 
of Vater with a specially designed appara- 
tus introduced per os. McCune’ has 
intubated the ampulla of Vater under 
direct vision at the time of duodenoscopy 
and performed pancreatography. Dopp- 
man and Johnson? have attained reflux 
pancreatography in monkeys after isolat- 
ing the duodenum with umbilical tapes 
placed around the duodenum at the time 
of laparotomy. 

Because of the prospect of a break- 
through in the development of a method for 
reflux pancreatography with widespread 
applicability in humans, a study of different 
types of contrast agents for use in pan- 
creatography was performed. In this study 
barium compounds, an oily contrast me- 
dium, and a water soluble agent were 
investigated. 


MATERIAL AND METHOD 


Laparotomies were performed using in- 
travenous pentobarbital anesthesia in mon- 
grel dogs of both sexes in the 30-40 pound 
class in a standarized fashion. A duodeno- 
tomy was performed and the pancreatic 
duct opening identified and cannulated 


with a No. 4 French ureteral catheter. The 
various contrast agents were “contam- 
inated” with duodenal contents obtained 
at the time of duodenotomy so that the 
resultant mixture contained 2-3 per cent 
duodenal contents. This mixture thus 
simulated reflux of contrast material intro- 
duced into an isolated loop of duodenum 
which subsequently refluxes into the pan- 
creatic ducts. Following pancreatic duct 
cannulation with the No. 5 French ure- 
teral catheter, the catheter was connected 
to a simple manometer and contrast ma- 
terial was infused at a pressure of 1,500 
mm. H,O for the comparison series. All 
pressure recordings were adjusted to milli- 
meters of water using the formula: millime- 
ters of contrast material X specific gravity 
of contrast material = millimeters of water. 
For example, the manometer was set at 
1,154 mm. when sodium diatrizoate 50 
per cent was used (1,154 mm. X 1.3 = 
1,500 mm. H.O). Additional series were 
done with the water soluble contrast agent, 
sodium diatrizoate, at lower pressures, 
namely 650-700 mm. H;O as will be noted 
later. Procaine penicillin (600,000 units) 
and streptomycin (0.5 gm.) were given 
immediately postoperatively and, once 
each, on postoperative days 1 and 2 fol- 
lowing the routine of the Department of 
Experimental Surgery. 

The pressure of 1,500 mm. H,O was 
selected in order to effect sufficient insult 
to the pancreas to assess a difference among 
the various contrast materials, since it 1s 
known that pancreatitis can be produced 
in the dog by several agents at pressures 
greater than 1,000 mm. H;O^? 

Preliminary work showed that 5 days 


* From the Department of Radiology, Columbia-Presbyterian Medical Center, New York, New York. 
This work was supported by the James Picker Foundation, the Eliane Hecht Fund and the Leopold Stern Fund. 
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was the optimum time for sacrifice of these 
animals. Histologic changes were near 
their apex and the 5 day time span was 
adequate for evaluation of serum enzyme 
patterns. Blood was drawn prior to opera- 
tion and daily for 5 days following the 
study, and serum amylase determinations 
were performed.* Serum lipase determina- 
tions were done in addition to serum amy- 
lase on several animals, and were confirma- 
tory when compared to amylase, but were, 
in general, a less sensitive index and were 
therefore discontinued. At necropsy sec- 
tions of the head, body and tail (Fig. 5B) 
of each of the two pancreatic lobes were 
obtained and fixed in formalin. 


BARIUM COMPOUNDS 


Barosperset was chosen because of the 
osmotic inactivity of barium and its spe- 
cial property of low viscosity which makes 
it an ideal barium compound for use 
through small lumen tubes. Four animals 
were tested. In 3 of the 4 the mixture was 
2 parts barosperse powder to 1 part water. 
In the fourth the mixture was 1:1. Sterile 
solutions of barosperse were used which 
were then intermixed with duodenal con- 
tents as outlined above. The flow was 
continued at pressures of 1,500 mm. H,O 
until several minutes had elapsed without 
evidence of further flow. The amount of 
contrast material that passed into the 
pancreatic ducts in this manner ranged 
from a low of 0.8 cc. to a high of 2.2 cc. 
Pancreatic ductal visualization was ex- 
cellent (Fig. 3). Roentgenograms 1 hour 
following instillation showed that the 
majority of the contrast material re- 
mained in the ductal system. In all cases 
roentgenograms of the pancreas at nec- 
ropsy showed a significant amount of bar- 
ium residual. Moderate to severe pancrea- 
titis was found in all animals both histo- 
logically and chemically (Table 1; Fig.1 74; 
and 44). 

In an effort to rule out commercial ad- 
ditives as the causative factor in the severe 


* Bio-Science Laboratories, Van Nuys, California. 
T Mallinckrodt Chemical Company, St. Louis, Missouri. 
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Kc. 1. Graphic demonstration of serum amylase 
values for (4) barosperse and barium and (B) 


ethiodol as tabulated in Table 1, using an instilla- 
tion pressure of 1,500 mm. H.O. 


changes caused by barosperse, 2 animals 
were instilled with a 1:1 mixture of sterile 
USP barium under similar conditions. In 
these animals, also, the reaction was severe 
both chemically and histologically (Fig. 
44) and barium was noted in the roent- 
genographed specimens at necropsy. 


OILY CONTRAST MATERIAL 


The oily contrast agent used extensively 
in sialography, ethiodized oil (ethiodol) 
37 per cent, was chosen because of the low 
incidence of inflammatory response pro- 
duced in the salivary glands. Since there is 
a rough correspondence between sialo- 
graphy and pancreatography, this agent 
seemed a logical one to test. Unlike the 
barium compounds, flow did not cease 
spontaneously at 1,500 mm. H,O pressure. 
Arbitrarily 4 cc. was used as the volume 
after which instillation was stopped. Flow 
rate was 0.2-0.3 cc. per minute. In the 4 
dogs 1n this series, all 4 animals developed 
extensive pancreatitis (Table 1; and Fig. 
LB). As with barium, the pancreatograms 
were excellent but there was extensive 
retention of contrast material in the nec- 
ropsy specimen (Fig. 5, 4 and B). Chest 
roentgenograms several hours following 
the procedure showed no evidence roent- 
genographically of pulmonary oil emboli. 


I E. Fougera and Company, Hicksville, Long Island, New 
York. 
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TABLE I* 


COMPARISON OF DIFFERENT CONTRAST MATERIALS ON THE PANCREAS USING AN 
INSTILLATION PRESSURE OF 1,500 MM. H;O 








































































































Barosperse Barium, USP 
Dog No. 1,554 1,570 1,971 1,573 1,600 1,614 
Histology T O FeFe FT ok eT rr 
Control 1,440 1,120 2,800 1,500 1,930 2,256 
Day 1 9,370 2,820 9,860 10,340 | 10,280 9,080 
Serum Day 2 2,700 8,940 9,580 9,840 10,420 9,560 
Amylase Day 3 9,580 1,540 8,180 7,880 9,350 9,260 
Day 4 4,590 1,027 4,420 4,620 6,430 6,850 
Day 5 2,960 1,070 3,410 4,440 3,850 4,800 
Ethiodol Hypaque 50 
Dog No. 1,634 1,635 1,636 1,637 1,493 1,536 1,537 1,538 
Histology ++-+++ ++ 44-+44+ ++ O + O O 
Control 77 1,940 i350 986 1,117 — I, 320 T, i165 
Day 1 9,860 7,920 8,310 4,920 "516 9,780 4,520 9,680 
Serum Day 2 8,290 4,930 6,720 2,590 5,000 10,460 6,025 4,360 
Amylase Day 3 5,800 2,960 4,240 1,580 2,060 4,400 2,059 3,160 
Day 4 8,760 2,660 2,590 1,570 i, 00 2,600 1,659 2,700 
Day 5 6,140 1,980 2,240 815 I ,230 1,800 1,250 1,9865 








* Histologic grading based on sections from body of proximal lobe in each animal (see Figure 5B for anatomic location). 


o= no evidence of inflammation. 
+= scattered focal areas of inflammation. 


++ ^ generalized inflammatory changes without total replacement of acinar tissue. 


+++ 7 generalized replacement of acinar tissue. 
Where 2 patterns exist in the same section, e.g., +-+ and +++, 


depict the serum amylase values graphically. 


WATER SOLUBLE CONTRAST MATERIAL 

Sodium diatrizoate (hypaque) 50 per 
cent was used as the water soluble contrast 
agent. It has been used widely in operative 
pancreatography. At 1,500 mm. H,O the 
hypaque mixture flowed at a rate of 2-3 
cc. min. or approximately 1o times the 
rate of ethiodol. Five cubic centimeters 
was allowed to enter the ductal system. A 
pancreatogram of diagnostic quality was 
produced with this volume (Fig. 6). It 
was apparent that with hypaque the in- 
flammatory response in the pancreas was 
much less severe than with the other agents 
(Table 1. More extensive studies with 
hypaque were performed, as noted below. 


overlap is so indicated, #.e., ++ — + +-+. Serum amylase is in So- 
mogyi units using Henry and Chiamori? modification and performed by 
is not established so that each animal serves as its own control. Figures 1.7 (barosperse and barium), 1B (ethiodol) and 24 


Bio-Science Laboratories. Normal range for canine amylase 
(hypaque) 


Repeated experiments using sodium di- 
atrizoate demonstrated (Fig. 7, 4, B and C) 
that this agent passes through the pan- 
creas rapidly and is excreted via the kid- 
neys producing a pyelogram. This obser- 
vation has not been reported previously, 
in fact, some investigators have advocated 
the use of secretin to flush the sodium 
diatrizoate from the pancreatic ducts.® It 
is in marked contrast to the barium and 
oily contrast agents, a large part of which 
is retained in the pancreas (Fig. 55). 

More extensive investigations were per- 
formed with variations of infusion pres- 
sures to establish the safety of retrograde 
pancreatography with sodium diatrizoate. 
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In an initial series, 5 animals had infusions 
of § cc. of the hypaque ṣo and admixture 
of 2-3 per cent duodenal contents at 
pressures of sufficient magnitude to produce 
flow through the catheter of 5 cc. in 1o 
minutes. Thus the physiologic secretory 
pressure of the pancreas was exceeded 
but the ductule rupturing pressures were 
avoided. The pressures required to pro- 
duce this flow rate were 650-700 mm. 
H;O. Animals were sacrificed at 30, 20, 
IO, 5, and 1* day. There was no evidence 
of pancreatitis histologically or chemically 
in these animals (Table 11). In 2 control 
animals isotonic saline was substituted for 
sodium diatrizoate using the same protocol 
with 650-700 mm. H.O pressure and sac- 
rificed at 1 and 30 days. The control ani- 
mals, likewise, showed no gross or micro- 
scopic changes in the pancreas and serum 
amylase and lipase values were normal. 

In another series 4 animals were infused 
with pressures in the 650-700 mm. H,O 
range and sacrificed at 5 days. Histologi- 
cally, (Fig. 4B) the pancreas was essenti- 
ally normal in all 4, although transient 


* The 1 day animal died at 20 hours due to aspiration pneu- 
monia; however, the pancreas was normal at necropsy. 
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Fic. 2. Graphic demonstration of serum amylase 
values for (4) hypaque, 1,500 mm. H:O instilla- 
tion pressure, as tabulated in Tables 1 and 11, and 
(B) hypaque, 650-700 mm. H:O pressure as tabu- 
lated in Table rr. The values for the 4 animals with 
follow-up greater than 5 days were graphed 
through Day 5 only. Note that, with 2 moderate 
exceptions, the curves for the 650-700 mm. H:O 
group are flat generally. Note also that, while the 
curves for the 1,500 mm. H:O group show an 
initial elevation, they return to baseline by Day 5. 
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lic. 3. Pancreatogram after instillation of Gg cc: 
2:1 barosperse solution (Dog #1,554). Anatomi- 
cally, the pancreas is bilobed in the dog with a 
proximal and a distal lobe bifurcating near a com- 
mon duodenal attachment. Note excellent opacifi- 
cation of the main duct and finer ductules of the 
proximal lobe of the pancreas and the absence of 
a pancreatic “blush.” Some opacification is seen 
in the main duct of the distal lobe. Character- 
istically, visualization is better in the proximal 
lobe, which routinely filled preferentially in all 
animals in this study, presumably because pan- 
creatic ductal pressure is higher in the distal lobe. 
This pancreatogram is representative of those 
obtained with barosperse and USP barium. 


elevations of serum amylase occurred on 
Days 1-3 in all 4 returning to control levels 
by Day 5 (Table 1). Figure 8 shows the 
pancreatogram obtained in 1 of these ani- 
mals with no histologic evidence of pancre- 
atitis. 

Comparison of the low and higher pres- 
sure sodium diatrizoate data (Table ri: 
and Fig. 2, Æ and B) reveals that amylase 
changes, while they reverted to normal or 
near normal in both groups when elevated, 
were generally higher, more prolonged and 
more frequent in the group with higher 
pressures. While only 1 dog showed sig- 
nificant evidence of inflammatory changes 
histologically, this animal, too, was in the 
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Fic. 4. (4) Low power photomicrograph of histologic 
section obtained from the body of the proximal 
lobe of the pancreas of Dog #1,614 (barium, USP). 
This field is characteristic of histologic Grade 
++ and shows replacement of the acinar tissue 
with a histocytic-macrophagic stroma; some 
acinar tissue remains, however. Histologic changes 
similar to those illustrated in this photomicro- 
graph were found in animals in which barosperse, 
USP, barium or ethiodol was used, as noted in 
Table 1. Other areas of this same slide showed 
diffuse replacement of the acinar tissue present in 
this field so that this animal was graded 
++— +++. (B) Low power photomicrograph of 
section from body of proximal lobe of Dog #1,495 

BEE Ay dd showing normal canine pancreas characteristic of 

ye em A. ee Pais the sodium diatrizoate, 650-700 mm. H:O groups 
SY EIUS ee and 3 of the 1,200 mm. H:O group. Arrow points 

out normal islet of Langerhans. 
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Fic. v. (4) Pancreatogram obtained with ethiodol shows excellent opacification of the proximal pancreatic 
lobe including contrast material in the glandular tissue as well as in the duct system (Dog 71,655). Some 
contrast material is seen in the proximal portion of the distal lobe duct. (B) Roentgenogram of proximal 
lobe and adjacent duodenum obtained at necropsy shows extensive retention of ethiodol in the specimen. 
Retention such as this was characteristic of all the animals in the ethiodol group. Although less marked, 
similar retention was seen in the barosperse and USP barium animals also. Arrows demonstrate head, body, 
and tail biopsy sites in this animal. Biopsies from the same anatomic locations, as depicted here, were ob- 


tained in all animals in this investigation. 
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higher pressure group. A study is being 
initiated, at present, to determine whether 
or not the chemical changes shown in 
Table i1 and Figure 2, 4 and P can be 
eradicated by the prophylactic administra- 
tion of trasylol. 


DISCUSSION AND CONCLUSIONS 


It is apparent that USP barium and a 
commercially available barium suspension, 
barosperse, as well as an oily contrast 
agent used frequently in sialography, 
ethiodol, are inferior to the water soluble 
contrast agent, sodium diatrizoate, for 
pancreatography. Presumably other water 
soluble agents would likewise be superior. 

Reflux pancreatography and operative 
pancreatography differ in one major re- 
spect: the contrast agent placed in the 
duodenum in reflux pancreatography is 
intermixed with the duodenal contents, 
whereas the contrast material is instilled 
directly into the ductal system without 
intermixture at operative pancreatography. 
This difference has led one investigator to 
conclude that this “contamination” with 
duodenal contents, itself, would cause 
pancreatitis with the reflux method.? How- 
ever, experiments combining isotonic sa- 
line and duodenal contents have shown no 
evidence of pancreatitis. Similar studies 
with sodium diatrizoate at low infusion 
pressures have revealed no evidence of 
pancreatitis histopathologically, and chem- 
ical changes in a minority. The danger of 
producing pancreatitis because material is 
refluxed from the duodenum is, therefore, 
not a real one. 

The studies reported herein, which 
demonstrate rapld passage of water soluble 
contrast material through the pancreas, 
are of theoretical interest and practical im- 
portance in reflux pancreatography. The 
pancreatogram produced with sodium di- 
atrizoate is a transient phenomenon and 
filming must be performed at the time 
flow is occurring to obtain an optimal 
study. As can be noted in Figure 7C, very 
little opacification is seen in the pancreas 
just 10 minutes following instillation of a 
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Fic. 6. Sodium diatrizoate pancreatogram using 
1,500 mm. H:O instillation pressure. The proximal 
lobe duct is opacified and a diffuse glandular 
"blush" is evident (Dog 41,237). This type of 
pancreatogram is representative of those in the 
sodium diatrizoate, 1,500 mm. H,O group. A 
separate catheter was placed in the common bile 
duct and a retrograde cholecystogram was ob- 
tained in this animal. 


large volume of contrast material. A 
pyelogram is produced indicating renal 
excretion of the sodium diatrizoate which 
Is absorbed into the blood stream. Byrne 
and Boyd! made the observation that 
retrograde absorption of pancreatic fluids 
injected into the pancreatic ducts is possi- 
ble. Retrograde infusions were performed 
at fixed infusion rates and continued for 
45 minutes. However, rather than obtain- 
ing an expected pressure rise to 1,000 mm. 
H-O, the accepted finer ductule rupturing 
pressure, with a subsequent leveling off as 
the leaking ductules permitted fluids to 
extravasate, pressures greater than 350 
mm. H:O were never obtained. They con- 
cluded that leakage did not occur and 
that a ductovenous pathway exists which 
allows the retrograde passage of fluids. 

Rich and Duff'? injected India ink into 
the pancreatic ducts of dogs and observed 
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Fic. 7. Serial pancreatograms using sodium diatrizoate instilled at 1,500 mm. H:O pressure. (4) Study made 
after the instillation of 9 cc. in 33 minutes shows proximal lobe duct and glandular opacification, and very 
early visualization (arrows) of both ureters (no previous sodium diatrizoate had been given). (B) More vivid 
pancreatogram after the instillation of 18 cc. in 7 minutes with contrast material now seen in the distal 
lobe duct, and more definitive opacification of both ureters (arrows). (C) Ten minutes following termination 
of the instillation of 22 cc. of sodium diatrizoate in 83 minutes, pancreatic opacification has virtually dis- 
appeared. The renal pelvocalyces and ureters are now well visualized indicating renal excretion of the con- 
trast material (arrows). The sequence illustrated here has been confirmed in multiple animals. 


TABLE LI" 


COMPARISON OF SODIUM DIATRIZOATE 50 PER CENT (HYPAQUE ) 
AT DIFFERENT PRESSURES OF INSTILLATION 








1,500 mm. H20, | 650-700 mm. H20, 650-700 mm. H20, 
Sacrifice at ; Days Variable Follow-up Sacrifice at ; Days 
Dog No. 1,493 1,536 1,537 1,538 | 1,302 1,395 1,396 1,435 | 1,490 1,491 1,495 1,517 
Histology O T le O ) O C C O O O 
Control Ltt? = 1,320 1,105 | I,54C 445 1,952 = 1,530 1,590 1,155 1,3! 
Day I | 3,910 9,780 4,520 9,680 — 510 642 888 2,970 2,340 9,500 2,050 
Day 2 | 34.6 10,460 6,025 4,360 1,146 560 641 386 $ 63 5,260 3,140 2,200 
Day 3 | 2,060 4,400 2,059 3,100 535 $30 — 1,180 1.9085. 2.040 1,930. 1,950 
Day 4 1,750 2,600 1,059 2,700 1,830 1,824 $02 1,230 1,450 2,210 1,400 1,710 
Serum Day 5 Í.23 1,800 1,250 1,865 2,100 — 1,62c 1,366 1,890 1,240 1,560 
Amylase Day 6 | 374 1,750 1,210 
Day 8 | 427 -- 1,060 
Day 10 | sro 1,9260 — 
Day 20 2,010 1,130 
Day 30 1,040 





* Same grading system as Table r. Figure 24 (hypaque, 1,500 mm. H20) and 2B (hypaque 650-700 mm. H20, both groups) show the 
serum amylase values graphically. 
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inert carbon particles free in the pancreatic 
stroma. They believed that rupture of the 
minute ductules allowed escape of the In- 
dia ink particles. However, Stein and co- 
workers" did not observe any evidence of 
rupture of the ductules; they noted, in 
addition, that bile flowed into the pancre- 
atic duct and was found in the pancreatic 
stroma after pancreatico-choledochostomy. 
These investigators concluded that a ducto- 
interstitial-venous pathway is operative. 
Edlund and Ekholm* reported that a peri- 
capillary space is present in the pancreas 
between the cell membrane of the acinar 
cells and the capillary endothelium and 
that a similar space separates adjacent 
acinar cells. The epithelial basement mem- 
brane of the pericapillary space is a direct 
continuation of the basement membranes 
of the interstitial space between acinar 
cells. 

It appears, therefore, on the basis of 
experimental evidence, that a ducto-inter- 
stitial-venous pathway is possible in the 
pancreas which may incorporate the peri- 
capillary-interstitial space demonstrated 
by Edlund and Ekholm.‘ 

Based on the experimental observations 
made in the current study, the retrograde 
pancreatic passage of the water soluble 
contrast agent, sodium diatrizoate, occurs 
as a regular phenomenon. This observation 
corroborates other work which has pur- 
ported to demonstrate a ductovenous 
retrograde pathway in the pancreas. The 
concept of a ductovenous pathway ex- 
plains the rapid passage of sodium di- 
atrizoate and the early production of a 
pyelogram as shown in Figure 7, 4, B and 
C. Thus, contact of the agents with the 
acinar cells can. be kept to a minimum, 
potentially, while obtaining a pancreatic 
"blush" in addition to outlining pancre- 
atic ducts. 

The ductovenous pathway may be the 
major factor in explaining the difference 
between barium and oily contrast agents, 
which remain in the pancreas unable to 
pass through this pathway, and water sol- 
uble agents. Rapid passage through the 
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lic. 8. Pancreatogram with sodium diatrizoate, 
650-709 mm. H:O instillation pressure showing 
proximal lobe ductal and glandular opacification 
of diagnostic quality (2 black arrows). Large, open 
arrow points to contrast material in the small 
intestine which escaped from the catheter in. 
advertently during placement in the duct. Small 
open arrow points out gallbladder filled via a 
separate catheter in the common bile 
Pancreatograms in the 650-700 mm. H,O groups 
were of variable quality. The one shown here was 
the best of the group (Dog 71,499). Presumably as 
the rate of passage of the contrast material thr ugh 
the pancreas approaches the rate of instillation 
through the duct, a poorer pancreatogram is pro 
duced. 


duct. 


pancreas via an intact ducto-interstitial 
venous pathway with little chance to cause 
direct damage to the acinar cells could 
explain the lack of pancreatic changes when 
sodium diatrizoate is used. In addition. 
this agent does not remain in the pancreas 
to obstruct antegrade pancreatic ductal 
flow. 

Water soluble agents, at least as repre 
sented by sodium diatrizoate, are, thus, 
the contrast materials of choice in reflux 
pancreatography. Reflux pancreatography 
with sodium diatrizoate using pressures 
sufficient to produce satisfactory diagnos- 
tic studies is a safe technique to employ, 
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as demonstrated in experimental animals. 
Therefore, it seems justified to advocate 
its use in humans using one of the methods 
which are being developed. 


SUMMARY 


Animal experiments were performed to 
compare several types of contrast materials 
using conditions which simulate those 
employed in reflux pancreatography. The 
water soluble agent, sodium diatrizoate, 
was markedly superior to barium and oily 
contrast agents. It was observed that so- 
dium diatrizoate passes through the pan- 
creas rapidly and that a pyelogram results. 
It is postulated that a ductovenous path- 
way is utilized keeping contact of the water 
soluble contrast material with acinar cells 
to a minimum while allowing sufficient pan- 
creatic opacification for diagnostic study. 
Reflux pancreatography with sodium di- 
atrizoate can be advocated in humans on 
the basis of safety in animal experiments. 


Department of Radiology 

Columbia Presbyterian Medical Center 
622 West 168th Street 

New York, New York 10032 


The author expresses his thanks to Herbert 
E. Wollowick, M.D. for technical assistance 
and to Stephen A. Woo, M.D. and Jack A. 
Zeller, M.D. for assistance in review of histo- 
logic slides. 
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“TUMOR ENCASEMENT" OF THE CELIAC AXIS DUE 
TO CHRONIC PANCREATITIS* 


By HAROLD MOSKOWITZ, M.D., ARNOLD CHAIT, M.D., and HARRY Z. MELLINS, M.D. 


BROOKLYN, NEW YORK 


NTIL the advent of arteriography 

lesions of the pancreas were detected 

only indirectly, usually by gross displace- 
ment of adjacent structures. 

Ódman? in 1958 first reported the use of 
selective angiography for the diagnosis of 
intra-abdominal disease. Selective angiog- 
raphy delineates the arterial supply of deep 
structures rendering an objective diagnosis 
of these organs possible. Diagnostic deduc- 
tions are made from an increase or decrease 
in vascularity, from displacement of ves- 
sels, from arterial narrowing or occlusion 
and from the development of collaterals. 

Malignant lesions of the pancreas infil- 
trate the parenchyma and do not usually 
produce a tumor blush or abnormal tumor 
vessels. Thus the diagnosis of a pancreatic 
neoplasm must be made by either displace- 
ment, constriction or occlusion of vessels. 
This constriction or tumor cuffing is the 
most common angiographic sign of malig- 
nancy of the pancreas. 

The purpose of this paper is to present 7 
cases of arterial narrowing observed during 
the past year due to pancreatitis and not 
tumor. 

There have been scattered reports in the 
literature of false positive cases due to 
tumor encasement. Meaney and Buono- 
core* reported 3 cases of apparent tumor 
encasement without operative findings of 
malignancy. Two were due to atheroscle- 
rotic disease and in one case no apparent 
cause could be found for the tumor encase- 
ment. Nebesar eż al.’ reported 2 cases 
thought to be carcinoma which were due to 
chronic pancreatitis. 

Repeated bouts of necrotizing inflamma- 
tion result in the release of pancreatic en- 
zymes with destruction of pancreatic tissue. 
These necrotic areas eventually heal by 


involution and fibrosis. This intense fibro- 
sis can narrow vessels producing a pattern 
simulating cuffing. All but one of our cases 
had chronic pancreatitis with marked fibro- 
sis. 


REPORT OF CASES 


Case 1. A 54 year old Negro man entered 
Kings County Hospital with a 55 pound weight 
loss during the past 8 months. The patient was 
a known alcoholic who had several previous 
admissions for pancreatitis. He complained of 
midepigastric pain of increasing severity, 
nausea and vomiting during the past several 
months. He was icteric and had marked tender- 
ness in the left upper abdomen. His bilirubin on 
admission was 15.3 mg. per cent with an alka- 
line phosphatase of 25.9 King-Armstrong units. 
A liver scan revealed spotty uptake in the left 
lobe consistent with metastases. Gastrointes- 
tinal series showed widening of the duodenal 
sweep with mucosal irregularities suggesting a 
mass within the head of the pancreas. Celiac 
arteriography (Fig. 1) demonstrated apparent 
tumor encasement and the patient underwent 
an exploratory laparotomy at which time a large 
mass was seen involving the head, body and 
tall of the pancreas extending as far as the 
spleen. This mass was thought to infiltrate the 
transverse mesocolon down to the root of the 
mesentery. The "tumor" was judged to be un- 
resectable and a gastrojejunostomy and chole- 
cystoJejunostomy were performed. 

The patient did well postoperatively and was 
discharged. Several months later he returned 
because of increasing weakness, cachexia and 
icterus. A questionable mass was palpated 
within the abdomen and he was treated symp- 
tomatically; however, he developed fever, 
chest pain and subsequently went into shock 
and died. 

Postmortem examination revealed multiple 
pulmonary emboli, the source of which could 
not be determined. Examination of the abdo- 
men showed the pancreas to be almost com- 


* From the Department of Radiology, Kings County Hospital Center and State University of New York-Downstate Medical Center, 


Brooklyn, New York. 
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Fic. d. 


Case 1. Celiac arteriogram demonstrates 
narrowing and irregularity of the superior pan- 
creaticoduodenal artery consistent with tumor 
encasement (arrow). 


pletely replaced by a hard, white fibrotic ap- 
pearing tumor mass. On microscopic study and 
in spite of literally hundreds of microscopic 
sections no definite evidence of tumor could 
be seen within the pancreas. The findings were 
all due to chronic pancreatitis with marked 
inflammation and fibrosis. 


Case 11. The patient was a 57 year old white 
man who entered Kings County Hospital with 
weakness and dark urine of 2 weeks’ duration. 
He was a known alcoholic who had had several 
previous admissions for upper gastrointestinal 
bleeding. For the past several weeks he had 
increasing weakness, lethargy, some confusion 
and noted increasingly dark urine. Physical 
examination revealed a jaundiced thin male 
with marked ascites and hepatosplenomegaly. 
Bilirubin on admission was 23 mg. per cent and 
a liver scan showed a mottled uptake within the 
liver suggestive of metastases. A gastrointesti- 
nal series demonstrated esophageal varices as 
well as marked hepatomegaly. 

Celiac arteriography (Fig. 2) revealed nar- 
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rowing of the common hepatic artery suggestive 
of tumor encasement. 

Subsequently the patient developed hypo- 
chloremic alkalosis and was found dead in bed. 
Postmortem examination revealed changes of 
cirrhosis, numerous varices and chronic pan- 
creatitis without evidence of tumor. 


Case mi. The patient was a 46 year old fe- 
male alcoholic who was admitted with acute 
epigastric pain. She had been admitted re- 
peatedly in the past for recurrent pancreatitis. 
At this admission a questionable mass was 
palpated in the abdomen and the gastrointesti- 
nal series suggested a retrogastric mass. Celiac 
arteriography (Fig. 3) revealed narrowing of 
the splenic artery suggestive of tumor encase- 
ment and changes of cirrhosis. A repeat injec- 
tion several minutes later showed an identical 
narrowing of the splenic artery. 

The patient was operated upon and the entire 
body and tail of the pancreas was found to be 
occupied by a dense, white, rock hard mass. 
She died in the immediate postoperative period 
and a postmortem study revealed changes con- 
sistent with chronic pancreatitis without evi- 
dence of tumor. 


Case 1v. A 28 year old Negro woman was 
admitted to Kings County Hospital with vomit- 
ing and epigastric pain. She had been drinking 
heavily for the past 2 weeks. Abdominal ex- 





Fic. 2. Case rr. Celiac arteriogram shows marked 
narrowing of the common hepatic artery. Repeat 
injection revealed an identical pattern. 
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amination revealed guarding in the midepigas- 
trium and a questionable mass. A gastrointes- 
tinal series was negative. Celiac arteriography 
(Fig. 4) revealed displacement of the anterior 
and posterior divisions of the superior pancrea- 
ticoduodenal artery due to a mass in the head 
of the pancreas. There was marked irregularity 
of the pancreaticoduodenal artery suggesting 
tumor encasement. At surgery a pseudocyst 
at the head of the pancreas was found asso- 
ciated with evidence of pancreatitis. No tumor 
was seen, 


Case v. A 58 year old woman entered Kings 
County Hospital with back pain. Physical 
examination was negative. Celiac arteriography 
(Fig. 5) revealed narrowing of the common 
hepatic artery consistent with encasement. The 
patient was operated upon and no abnormali- 
ties could be found in spite of an extensive ex- 
ploration. The patient has done well in the 16 
months postoperatively and has shown no signs 
of pancreatic neoplasm. 


Case vi. This was the first Kings County 
Hospital admission of a 43 year old Negro male 
who entered with increasing right upper quad- 
rant and epigastric pain of 3 months’ duration. 
The patient was a known alcoholic who de- 
veloped anorexia and a 25 pound weight loss. 
His liver was markedly enlarged and a question- 
able tender mass was palpated in the epigas- 
trium. Bilirubin was 6.1 mg. per cent and the 
alkaline phosphatase was 230 King-Armstrong 
units. Roentgen examination revealed calcifi- 
cation within the pancreas due to chronic 
pancreatitis. A gastrointestinal series showed 





Fic. 3. Case mr. Celiac arteriogram demonstrates 
narrowing of the splenic artery suggesting tumor 
encasement. Repeat injection several minutes later 
revealed an identical pattern. 


“Tumor Encasement" of the Celiac Axis 
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FIG. 4. Case 1v. Celiac arteriogram shows displace- 
ment of the anterior and posterior branches of the 
superior pancreaticoduodenal artery due to a mass 
in the head of the pancreas. There is marked irre- 
gularity of the vessel consistent with tumor en. 
casement (arrow). 


displacement of the duodenal loop suggesting 
a mass within the pancreas. Celiac arteriog- 
raphy (Fig. 6) revealed displacement of the 
gastroduodenal artery with some stretching of 
the superior pancreaticoduodenal artery. The 
superior mesenteric artery was also deviated to 
the left. There was questionable tumor encase- 
ment and the finding suggested a lesion within 





Fic. 5. Case v. Celiac arteriogram reveals typical 
tumor encasement of the common hepatic artery. 
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Vic. 6. Case vi. Celiac arteriogram reveals displace- 
ment of the gastroduodenal artery associated with 
narrowing of the vessel suggesting tumor involve- 
ment (arrow). 


H 


the head and body of the pancreas. Transhepa- 
tic cholangiography demonstrated a smooth 
narrowing of the distal common bile duct in 
the transpancreatic portion which was bowed 
laterally and thought to be due to chronic 
pancreatitis. At exploratory laparotomy a 
pseudocyst of the head of the pancreas was 
found. There was evidence of chronic pancrea- 
titis with a stricture of the common bile duct. 
A cholecystojejunostomy was performed. There 
was no evidence of tumor. The patient was 
discharged and has done well for the past year. 


Case vu. A 46 year old chronic alcoholic 
entered Kings County Hospital with marked 
epigastric pain, nausea and vomiting. Serum 
amylase on admission was 900. The patient’s 
temperature spiked to 105?F. for the first week. 
On supportive therapy he improved but then 
became markedly jaundiced. Celiac arteriog- 
raphy (Fig. 7) revealed narrowing of the origin 
of the splenic artery. Repositioning of the 
catheter did not alter the findings. Exploratory 
laparotomy showed findings of acute and 
chronic pancreatitis but no evidence of tumor. 
'The patient has done well subsequently. 


DISCUSSION 


The differentiation of true arterial 
encasement from atherosclerotic narrowing 
can be a difficult problem. True tumor 
cufing will generally produce a fairly 
smooth, uniform, tapered, narrowed vessel 
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for a short segment. Atherosclerotic dis- 
ease, however, produces a narrowed irreg- 
ular vessel whose irregular segments are 
generally shorter than those seen in tumor 
encasement. Recently several authors! have 
described narrowing of the celiac trunk by 
the median arcuate ligament of the dia- 
phragm. This generally is seen in young 
females but may prove to be a difficult 
problem in evaluating patients with nar- 
rowed irregular celiac trunks. 

Splenic vein occlusion has generally been 
overlooked as an accessory sign in pan- 
creatic lesions. The splenic vein bears an 
intimate relationship to the pancreas run- 
ning along its dorsal aspect. Venous struc- 
tures and thus splenic vein occlusion may 
be an earlier sign of pancreatic disease than 
arterial narrowing.?? Chronic pancreatitis 
with its resulting fibrosis will also produce 
narrowing and occlusion of the splenic vein 
and there have been several such cases re- 
ported in the literature. This sign can also 
lead to an erroneous diagnosis. 


CONCLUSION 


Tumor encasement has been generally 
accepted as a pathognomonic sign of neo- 
plasm. Occasional cases have been reported 
in which typical tumor encasement was 
seen but at subsequent laparotomy was 
proven to have other causes. We are adding 
7 typical cases of tumor encasement in 
which no evidence of pancreatic malig- 





Fic. 7. Case vir. Celiac arteriogram shows narrowing 
and irregularity of splenic artery. 
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nancy could be found. Chronic pancreatitis 
with subsequent fibrosis will produce the 
identical pattern. of tumor encasement. 
Splenic vein occlusion should be searched 
for as an accessory sign in pancreatic dis- 
ease. 


Harold Moskowitz, M.D. 
Department of Radiology 
State University of New York 
Downstate Medical Center 
450 Clarkson Avenue 
Brooklyn, New York 11203 
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THE DEMONSTRATION OF AN INSULIN AND GAS- 
TRIN PRODUCING PANCREATIC TUMOR BY 
ANGIOGRAPHY AND PANCREATIC 
SCANNING* 

By RAYMOND L. THOMAS, M.D.,t ARVIN E. ROBINSON, M.D., IRWIN S. JOHNSRUDE, 

M.D., JACK K. GOODRICH, M.D., and RICHARD G. LESTER, M.D. 


DURHAM, NORTH CAROLINA 


HE radiographic demonstration of hor- 

mone producing islet cell tumors of the 
pancreas is being reported with increasing 
frequency.2-^9-? Malignant pancreatic 
functioning tumors with hepatic metas- 
tases are rare. Such a tumor, clinically pro- 
ducing both gastrin and insulin has been 
shown by the combined radiologic studies 
of angiography and radionuclide scanning. 
Findings of these studies in this unique 
lesion form the basis for this report. 


REPORT OF A CASE 


A 33 year old woman presented at Duke 
University Medical Center in November of 
1966 with a 4 year history of recurrent duodenal 
ulcers, intestinal malabsorption, and hypo- 
glycemia. In the past, she had received oral 
hypoglycemic agents as treatment for diabetes 
mellitus. Zollinger-Ellison syndrome was sus- 
pected in 1964, and the patient received ex- 
ternal cobalt 60 teletherapy delivering 2,000 r 
tissue dose to the stomach. This produced a 
temporary decrease in gastric acid secretion. 

Physical examination on the current ad- 
mission revealed no palpable abdominal masses. 
An upper gastrointestinal series and small 
bowel study demonstrated a duodenal ulcer, a 
thickened irregular mucosal pattern in the 
duodenum and jejunum, and segmentation of 
the barium column in the ileum (Fig. 1, Z and 
B). Radionuclide scanning of the upper ab- 
domen was performed 1 hour after the in- 
travenous injection of 200 yc of selenome- 
thionine (Se”).* The anterior scan (Fig. 2, 
A and B) recorded tracer activity in the head 
and body of the pancreas as well as throughout 


* Provided by Medotopes Division, E. R. Squibb & Sons, New 
York, New York. 


the liver. A dense accumulation of the tracer, 
approximately 7 cm. in diameter, was found in 
the body of the pancreas. Without changing 
the patient's position, a repeat scanning was 
performed using 1 mc of intravenously admin- 
istered technetium (Tc??») sulfide colloid. This 
scan improved the detail of the liver metastases 
(Fig. 3, 4 and B). Visual superimposition of the 
selenomethionine (Se?) and technetium (Tc?) 
studies (Fig. 4) permitted differentiation of 
radionuclide concentration within the liver 
from that within the pancreas. This confirmed 
the presence of a large abnormal concentration 
of Se” within the pancreatic tumor. 

Subsequent selective celiac and superior 
mesenteric arteriograms outlined a hyper- 
vascular 7 cm. tumor of the pancreas, fed pri- 
marily by an enlarged dorsal pancreatic artery. 
The venous phase showed displacement without 
invasion of the splenic vein. Multiple hyper- 
vascular metastatic nodules were also seen 
throughout the liver (Fig. 5, 4, B and C). 

At laparotomy, the primary tumor was re- 
moved from the body of the pancreas and 
histologically proved to be an islet cell tumor. 
Postoperatively, the patient became hyper- 
glycemic and required insulin therapy. Chemo- 
therapy was directed toward the hepatic metas- 
tases by selective hepatic arterial infusion of 5 
fluorouracil. Two courses of chemotherapy 
were delivered, separated by an interval of 8 
days. The first infusion was well tolerated, but 
a thrombus formed within the hepatic artery 
during the second course of treatment. This 
required removal of the  percutaneously 
placed infusion catheters. Repeat arteriograms 
and liver scans 4 months postoperatively re- 
vealed a decrease in the size of the metastatic 
nodules in the liver (Fig. 6, 4, B and C). Con- 
tinued improvement was noted 6 months post- 
operatively. 


* From the Department of Radiology, Duke University Medical Center, Durham, North Carolina. 


This work was supported in part by NIH Grant Mor-FR-3o. 


+ Present Address: Naval Hospital, Camp Lejeune, North Carolina. 


646 


VoL. 104, No. 3 Demonstration of a Pancreatic Tumor 64 





I16. 1. (4) Upper gastrointestinal series showing bulbar deformity and thickened irregular mucosal pattern in 
the duodenum and jejunum. There is no deformity of the stomach or duodenum from the large pancreatic 
tumor. (B) Small bowel examination demonstrating intestinal malabsorption pattern. 


DISCUSSION 

A functioning islet cell tumor may be 
suspected from clinical and laboratory 
data. The location and extent of the tumor, 
however, require more definitive studies 
which may lead to exploratory laparotomy 
for biopsy or excision. 

These tumors vary in size, ranging in 
diameter from 1 cm. to 10 cm.!? Ordinar- 
ily, they are single. Although more com- 
monly seen in the head of the pancreas, 
they may be found in any portion of the 
gland.? They do not calcify, making de- 
tection by conventional roentgenographic 
techniques impossible. Usually of soft con- 
sistency, the tumor lies deep within the 
pancreas, seldom compressing adjacent Lato ty amu pita E MEETS C 
abdominal structures. This is emphasized EU y Y EM "EE E 


" tf I LL NL je: 
"E TI" | lida m n Eu 
BENI EN. o0) COO 
UPOT v FIM Hh TIAM tos 
J I ! di M % 
f "a ya 




















t 
a- 
" 


(MH 
TE 
T 


; 

Fic. 2. (4) Selenomethionine (Se?*) anterior scan of nA d PUE 4 «i 
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body of the pancreas. (B) Photocopy of Æ for en- Bur, P tr Wr D Lord d 

hancement of image detail. UAM ai ca Vas i. o nir] 


648 


Thomas, Robinson, Johnsrude, Goodrich and Lester 





NOVEMBER, 1968 


Fic. 3. Repeat liver scan with technetium (Tc*™) sulfide colloid disclosing multiple liver 
metastases. (4) Anterior and (B) lateral view. 


in Figure 14 which shows no distortion or 
displacement of the gastric outline by the 
large 7 cm. tumor mass. The small size, 
hidden location, and soft consistency of 
the tumor often make localization at lapa- 
rotomy difficult. 


ARTERIOGRAPHY 


Experience with arteriographic delinea- 
tion of islet cell tumors of the pancreas 1s 
scarce. These tumors are hypervascular in 





Fic. 4. Visual superimposition of selenomethionine 
(Se?) pancreas scan and the technetium (Tc%™) 
hepatic scan with the margins drawn in, more 
clearly defines pancreatic uptake of the tracer 
dose. 


80 per cent of reported cases, thus making 
an arteriographic search feasible.* Arteriog- 
raphy often gives the precise definition of 
the size and extent of the disease by the 
vascular staining of the tumor. It is best 
seen during the capillary phase, occurring 
6 to 8 seconds after commencement of the 
contrast medium injections.® In Figure 5, 4 
and B, it can be noted that both the pri- 
mary pancreatic tumor and also the metas- 
tatic nodules within the liver are clearly 
seen late in the filming sequence. Arterio- 
venous communications are indicative of 
malignancy, but were not found in this 
patient in spite of gross spread of tumor. Of 
particular interest was demonstration of 
large, well opacified nutrient vessels of the 
tumor, the dense staining of the primary 
lesion and the hepatic metastases, and dis- 
placement without invasion of the splenic 
vein (Fig. 5, 4, B and C). In a review of the 
literature there is one previous report of 
such an arteriographically demonstrated 
hepatic metastases arising from a function- 
ing islet cell tumor of the pancreas.’ 

The arteriographic patterns depicted in 
this case were in striking contrast to the 
typically hypovascular and insidiously in- 
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vasive malignant primary adenocarcinoma 
of the pancreas.* Hypervascular lesions of 
the pancreas are rare, and the differential 
diagnosis should include the following: 
cystadenoma, pancreatic sarcoma, some 
metastatic nodules, and, occasionally, pan- 
creatitis.! 


RADIONUCLIDE SCANNING 


Direct visualization of the pancreas by 
radionuclide scanning has been success. 
fully attained using the amino acid meth- 
ionine, labeled with selenium 7$. Rodri- 
guez-Antünez ef a/." and Sodee! report 
lesions of the pancreas as filling defects in 
the distribution of this tracer. In the pres- 
ent case, however, the pancreatic tumor 
presented by increased tracer concentra. 
tion, which confused the initial scan inter- 
pretation. The metastatic lesions were ill 
defined in the liver when viewing the 
selenium 75 scan, but were outstanding in 
the technetium ggm sulfide colloid liver 
scan which followed. In retrospect, and in 


ic. 5. (4) Selective celiac arteriogram. Arterial 


phase showing the large hypervascular tumor 
in the body of the pancreas. Note large dorsal 
pancreatic artery (DP). (B) Capillary phase 
demonstrating tumor stain both in pancreatic 
tumor and in hepatic metastasis. (C) Venous 
phase showing displacement, but no invasion 
of the splenic vein (SV). 


view of the concentration of tracer in the 
primary tumor, poorer depiction of the 
hepatic metastases on the selenium 76 
scan could well be attributable to tracer 
concentration with the metastatic lesions. 
A relatively small, 2 cm. islet cell car. 
cinoma of the pancreas, reported by 
Haynie e? a/? was not shown as a recog- 
nizable area of increased tracer activity. 
Perhaps its size, and the ability of such 
tumors to concentrate the selenomethio. 
nine (Se), account for the lesion being 
missed. Future detection of such tumors 
will depend largely on the size of the lesion 
in relation to the normal organ structure 
and on the concentration of the tracer 
within the tumor relative to the surround. 
ing normal tissue. The selenomethionine 
(5e?) scanning technique should open an 
avenue in the search for pancreatic islet 
cell tumors in the hyperglycemic patient, 
provided the viewer looks for areas of in. 
creased tracer concentration within the 
normal organ structure. 


650 








' 
t 


w 


: B 

a, i 
a 

aime dee 


Thomas, Robinson, Johnsrude, Goodrich and Lester 


i 
' «4 
werdi i 579: 
' $: ʻi 


NOVEMBER, 1968 






Fic. 6. (A) Selective liver arteriogram via catheter placed for chemotherapy showing decrease in 
size of metastatic nodules. (B and C) Corresponding anterior and lateral liver scans. 


CONCLUSION 


A case of a functioning malignant tumor 
of the pancreas, producing both insulin and 
gastrin and with secondary metastases to 
the liver, is reported. The vascular nature 
of the tumor permitted precise anglo- 
graphic evaluation. 'This included deter- 


mining the location within the pancreas, 
its size, the presence of liver metastases, 
and the response as measured by change in 
nodule size to subsequent chemotherapy. 

An unusual feature was that of an in- 
creased radionuclide concentration making 
possible positive image scanning within 
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the pancreatic tumor. The study of this 
patient provides a good example of the 
correlative and complementary roles of 
the expanding diagnostic modalities avail. 
able in diagnostic radiology and nuclear 
medicine. 


Richard G. Lester, M.D. 
Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 27706 
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PERITONEAL EXTRAVASATION OF OILY CONTRAST 
MEDIUM FOLLOWING LYMPHOGRAPHY* 


By MUTSUMASA TAKAHASHI, KOICHI TAKEDA, TATTO ISHIBASHI, and 
HISASHI KAWANAMI 


FUKUOKA, JAPAN 


Av of lymphography to the 
diagnosis of chylous reflux has been of 
particular interest with increasingly wide 
acceptance of this method in the routine 
medical practice. Chylous ascites or chylo- 
peritoneum is a rare condition and is pro- 
duced by interference or obstruction to the 
cisterna chyli and thoracic duct? and by 
incompetent or hypoplastic Iymphatics.'? 
Although lymphatic obstruction has been 
shown in chylous ascites by Iymphog- 
raphy,^^? extravasation of oily medium 
into the peritoneal cavity following lymph- 
ography has been quite uncommon.*^ ^ 
In a series of 550 lymphographies at the 
Stanford University Medical School and 
60 at Kyushu University School of Medi- 
cine, there has been one instance of peri- 
toneal oil extravasation following lymphog- 
raphy. The purpose of this paper is to re- 
port such a unique case. 


REPORT OF A CASE 


A 71 year old Japanese female was admitted 
to the Department of Radiology, Kyushu 
University Hospital because of bilateral in- 
guinal tumors. 

Four years prior to admission she was given 
radiation. therapy to a right supraclavicular 
mass which was proved to be reticulum cell 
sarcoma on biopsy. A total tumor dose of 5,000 
rads was given through a 5X6 cm. field with a 
cobalt 60 unit. The tumor was not palpable at 
the termination of therapy. During the course 
of 4 years she developed several episodes of 
bilateral inguinal lymphadenopathy which were 
successfully treated with a course of endoxan.1 
Three months prior to admission she again 
noted bilateral inguinal swelling. 

Physical examination.On physical examina- 
tion the patient was a well developed, well 
nourished female with normal vital signs. A 


+ Cyclophosphamide, Shionogi-Yakuhin, Osaka, Japan. 


hard mass was palpable along the iliac brim 
bilaterally. The inguinal lymph nodes were en- 
larged and matted together on both sides. 
The abdomen was soft and somewhat dis- 
tended without definite evidence of ascites. 
Slight venous distention was noted over the 
lower abdomen. Both lower extremities were 
moderately swollen with moderate pitting 
edema and minimal venous distention. 
Laboratory data. Hemoglobin was 12.5 gm. 
per cent, red blood cell count was 405 < 10* per 
cubic millimeter; the white blood cell count was 
5,200 per cubic millimeter with a normal dif- 
ferential count. Serum cholesterol, alkaline 
phosphatase, thymol turbidity test, glutamic- 
oxalacetic transaminase and glutamic- pyruvic 
transaminase were all within normal limits. 
Blood urea nitrogen was normal, as were the 
serum electrolytes. The total serum protein was 
6.4 gm. per cent with normal electrophoretic 
fractions. Blood serology was negative. 
Roentgenologic examination. On admission a 
chest roentgenogram showed no significant 
abnormality. A roentgenogram of the abdomen 
revealed no mass or evidence of ascites. Studies 
of the spine showed slight compression de- 
formity of the eighth thoracic vertebra which 
had not changed over a 4 year period. 
Lymphography was performed 1 week after 
admission. The technique employed has been 
described elsewhere." Ethiodol (7 cc.) was in- 
jected into the lymphatics of each foot with a 
weight injector. On 1 hour lymphograms there 
was obstruction of the cisterna chyli with no 
visualization of the thoracic duct. Extensive 
collaterals were noted in the pelvis via uterine, 
vesical and rectal lymphatics. A small amount 
of ethiodol was noted in the peritoneal cavity 
(Fig. 1). Retroperitoneal collaterals were also 
demonstrated. Lymphograms obtained after 
24 hours revealed enlarged and reticular lymph 
nodes in the iliac and left para-aortic regions, 
which were consistent with malignant lym- 
phoma. The right para-aortic lymph nodes were 
small and scanty in number, but they were 


* From the Department of Radiology, Kyushu University School of Medicine, Fukuoka, Japan. 
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foamy in appearance. In addition, there were 
irregular collections of ethiodol within the 
peritoneal cavity which moved to the de. 
pendent portion of the abdomen and pelvis 
(Fig. 2 and 3). This was confirmed by fluoros- 
copy. The appearance simulated that of 
peritoneal contrast medium following hystero- 
salpingography. No direct communication was 
demonstrated between the lymphatics and peri- 
toneal cavity. Chest roentgenography revealed 
no definite evidence of plumonary oil embo- 
lization. 

Hospital course. A diagnostic paracentesis 
was performed since chylous ascites was sus- 
pected on lymphography. Twenty centimeters 
of pink, turbid fluid was aspirated. On adding 
small amounts of ether, the fluid became trans. 
parent. There were small fat granules on micro- 
scopic examination with Sudan III stain. The 
total lipid content of ascites was 3.3 gm. per 
cent; total cholesterol 86 mg. per cent; total 
phospholipid 2.0 mg. per cent; and total protein 
4.5 gm. per cent. 

Endoxan, 100 mg. per day, was given intra- 
venously to a total dose of 2,500 mg. over I 
month. Concomitant electron beam therapy 
was administered to a 10X 10 cm. inguinal 
held bilaterally, utilizing 14 mev. by a betatron. 





Fic. 1. Lymphogram obtained immediately after the 
injection of ethiodol. There are extensive collateral 
lymphatics in the pelvis and inguinal regions. Note 
several collections of oily contrast medium within 
the pelvis and abdomen, indicating extravasation 
of ethiodol into the peritoneal cavity. 
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l'16. 2. Twenty-four hour lymphogram in the supine 
position. Reticular and foamy lymph nodes are 
present in the iliac and para-aortic regions. There 
is a large amount of free ethiodol in the pelvis and 
peritoneal cavity. 


Two thousand rads were delivered in a month. 
The inguinal tumors and enlarged lymph nodes 
were reduced in size and no edema of the lower 
extremities or chylous ascites was present at the 
end of treatment. 


DISCUSSION 


The most common cause of lymphatic 
obstruction which leads to chvlous ascites 
is involvement of the thoracic duct or cis. 
terna chyli by malignant tumors.’ Non. 
malignant conditions such as surgical in- 
tervention, penetrating wound, inflamma- 
tion, parasites or congenital lymphatic 
atresia have been infrequently responsible 
for chylous ascites.?:19 

In the presence of interference of ob. 
struction to the lymphatic flow within the 
retroperitoneum, there usually develop 3 
major lymphatic alterations to minimize 
the increased intralymphatic pressure?: 
(1) Formation of collaterals via the retro- 
peritoneum, kidneys, bladder or uterus; 
(2) development of lymphaticovenous com- 
munication with the portal veins and the 
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Fic. 3. Twenty-four hour lymphogram in the upright 
position. Free peritoneal ethiodol moves to the 
pelvis and simulates peritoneal oily medium 
following hysterosalpingography. 


‘nferior vena cava; and (3) extravasation 
of oily medium into the intestine, soft 
tissue or peritoneal cavity. The third path- 
way is quite rare. Usual lymphographic 
findings of chylous ascites are similar to 
the above clinical findings. In addition, 
the lymph nodes may show abnormal 
architecture, such as filling defects, foamy 
appearance, or reticular pattern. 

Although some investigators have per- 
formed lymphography on patients with 
chylous ascites, they have been unable to 
demonstrate extravasation of contrast me- 
dium into the peritoneal cavity. *?!? As 
far as we are aware, Camiel eż a/.* were the 
first to describe this interesting lympho- 
graphic abnormality in a patient with 
giant follicular lymphoma. Craven et al. 
reported a case with congenital chylous 
ascites in which retrograde flow of contrast 
medium was noted passing into the mes- 
enteric lymphatic trunk and then into the 


Takahashi, Takeda, Ishibashi and Kawanami 


NOVEMBER, 1968 


peritoneal cavity. Similar cases were also 
reported by Cook ef a/? and Fuchs and 
Zuppinger’ in patients with malignant 
lymphoma, but they did not give a de- 
tailed account. 

It is dificult to understand why oily 
extravasation into the peritoneal cavity 
occurred in the foregoing cases, while in the 
majority of chylous ascites this phenome- 
non could not be observed. Extensive 
animal experiments have also failed to 
show peritoneal extravasation of oily me- 
dium following surgical or chemical ob- 
struction of the thoracic duct.” From their 
animal experiments, Takashima and Ben- 
ninghoff! noted that the mesenteric lymph 
nodes function as barriers to the reflux of 
lymph into the intestine or peritoneal cav- 
ity. From this postulation it may be 
stated that abnormal lymph nodes do not 
prevent reflux of the oily contrast medium, 
but result in oil extravasation into the in- 
testine or peritoneal cavity. It 1s also pos- 
sible that there was rupture of the lympha- 
tics which produced leakage of the oily 
medium, although this is not shown on the 
lymphogram. 

It is of interest to note that there was no 
definite evidence of pulmonary oil emboli- 
zation in our case in spite of complete ob- 
struction of the cisterna chyli. It is possi- 
ble that the oily medium extravasates into 
the peritoneal cavity instead of forming 
lymphaticovenous communication, which 
usually results in marked pulmonary oil 
embolization. 


SUMMARY 


Lymphography was performed on a 
patient with chylous ascites who had retic- 
ulum cell sarcoma. There was obstruction 
of the cisterna chyli with extensive collat- 
erals and leakage of contrast medium into 
the peritoneal cavity. 

Mutsumasa Takahashi, M.D. 
Department of Radiology 

Kyushu University School of Medicine 
Katakasu, Fukuoka, Japan 

Appreciation is extended to Hideo Irie, M.D., 
Professor and Chairman, Department of Radi- 
ology, Kyushu University School of Medicine 
for his constructive criticism. 
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TRIPLICATION OF THE GALLBLADDER* 


By RONALD J. ROSS, M.D., and MAURICE D. SACHS, M.D. 


CLEVELAND, OHIO 


RIPLICATION of the gallbladder is a 

rare anomaly; the first 2 reports of its 
roentgenologic diagnosis appeared in 
1958.55 Subsequently 3 more reports ap- 
peared in the literature.* 8 Recently an 
additional triplication of the gallbladder 
was diagnosed during routine cholecystog- 
raphy: in view of the paucity of this 
anomaly, a report of this case 1s herewith 
presented. 


HISTORICAL PERSPECTIVE 


In antiquity (Babylonia), the double gall- 
bladder appeared in cuneiform characters; 
in time of war, a double gallbladder found 
:n a sacrificial animal was considered to be 
a victory omen. In 31 B. C., Pliny referred 
to duplication of the gallbladder.’ During 
the Ninth Century, double gallbladders 
were described in the Jewish Laws of 
"T'herefah.^4 In 1752, Huber reported the 
first gallbladder triplication in a human 
cadaver.^!9 There were three complete 
gallbladders containing two cystic ducts 
and one common duct. 

Early in the twentieth Century (1926), 
Boyden’ presented a classic study of ac- 
cessory gallbladders.t This included em- 
bryologic theories of the etiology of mul- 
tiple gallbladders. Of 10,000 domestic 
animals studied, Boyden reported 456 
duplications and 20 triplications of the 
gallbladder. In man, Boyden divided the 
study into two series: a cadaver series of 
g,220, and a roentgen series of 9,770. Gall- 
bladder duplication was observed twice in 
the human cadaver series and three times 
in the roentgen series. At the time of 
Boyden's report in 1926, multiple 3 gall- 
bladders had never been observed in man, 
only in animals. Boyden explained the 


+ Boyden used the terms "accessory" or "duplication" to 
represent two gallbladders; "multiple" to represent more than 
two (i.e., three gallbladders). 


origin of triple gallbladders in animals as a 
result of the secondary subdivision of either 
one of the lobes following a primary sub- 
division. The secondary subdivision was 
usually of the left lobe with a bilobed form. 

Since Boyden's study, particularly from 
1958 to the present, there had been 5 re- 
ports of gallbladder triplication. "= 
Boyden classified accessory gallbladders as 
follows: (1) Vesica fellea divisa; (2) vesica 
fellea duplex, (a) Y-shaped, (b) ductular 
shaped; and (3) vesica fellea triplex. The 
vesica fellea divisa is a bilobed incomplete 
division of the gallbladder with one cystic 
duct joining the common duct. The sub- 
division may involve only the fundus or it 
may extend to the gallbladder neck. The 
vesica fellea duplex contains two complete 
gallbladders with two cystic ducts. The 
Y-shaped duplex contains two cystic ducts 
uniting before entering the common duct. 
In the ductular type, two cystic ducts 
empty separately into the common duct. 


EMBRYOLOGY 


The liver is a central outgrowth from the 
gut in the area of the anterior intestinal 
portal. The hepatic diverticulum arises as 
a sacculation consisting of a cranial portion 
which further differentiates into glandular 
tissue and bile ducts. The main portion of 
the hepatic diverticulum elongates to form 
the common bile and hepatic ducts. The 
caudal portion of the hepatic diverticulum 
becomes the gallbladder and cystic duct. 
In a 5 mm. human embryo, the gallbladder 
is a solid epithelial cylinder which is carried 
fom the duodenum by the elongated 
common duct? In the seventh week, a 
lumen is established within the cystic duct. 

Boyden presented two theories explaining 
accessory gallbladder formation: (1) The 
phenomenon 1s caused by primary sub- 
division of the embryonic primordium into 


* From the Department of Radiology, Forest City Hospital, Case-Western Reserve University School of Medicine, Cleveland, Ohio. 
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two parts; and (2) accessory gallbladders 
represent an outgrowth of a secondary 
vesicle from some other portion of the 
biliary duct system subsequent to the for- 
mation of a definitive gallbladder. [n sup- 
port of the second theory, in human embryo 
small cellular outpocketings called rudi- 
mentary bile duct buds occur at the junc- 
tion of the hepatic ducts. These duct buds 
usually regress and disappear. However, 
if they persist, gallbladder anomalies such 
as duplication or triplication may occur.? 
If the bud originates on one of the hepatic 
or common ducts, the accessory gallbladder 
will contain its own cystic duct. If the bud 
originates from the cystic duct, a Y-shaped 
cystic duct will connect the accessory and 
the normal gallbladders to the common 
duct. There may also be anomalies of the 
cystic duct arteries, 7.e., two cystic arteries. 

In man, Boyden favors the second theory 
because the bilobed gallbladder occurs less 
frequently than the duplex. If there were a 
tendency toward primary bifurcation in the 
human embryo, the bilobed gallbladder 
would be more common. In cats, duplex 
gallbladders arise as outgrowths of the 
hepatic and common bile duct.’ 

Anderson and Ross! have proposed a 
third explanation for accessory gallblad- 
ders. In the fourth week of fetal develop- 
ment, the hepatic diverticulum appears on 
the ventral surface of the entodermal 
lining of the foregut. A maze of branching 
and anastomosing cell cords develops from 
the original structure; and the buds origi- 
nating at its bases, become the gallbladder. 
As a solid mass of cells, this gallbladder 
inlage projects in a ventral and caudal 
lirection. A longitudinal division divides 
‘his primitive organ into a partially divided 
tructure as one stage of cavitation. If 
hese paired buds do not su bsequently fuse 
if there is incomplete resolution of the 
arly solid stage, duplication may occur, 
“his gallbladder anomaly is usually not 
ssociated with other congenital defects.! 


PSEUDODUPLICATION 
The congenital folded fundus of the 
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gallbladder, or variation of a phrygian cap 
gallbladder, may simulate a double gall- 
bladder. A true diverticulum should be 
relatively large with a comparatively small 
ostium communicating with the main 
lumen of the gallbladder.219? The divertic- 
ulum contains all tissue layers with con- 
tinuous smooth muscle bundles normally 
present in the gallbladder. Diverticula of 
the gallbladder may be found from the 
gallbladder neck to the fundus on its free 
or hepatic surfaces.? This distinguishes 
congenital diverticula from the phrygian 
cap gallbladder deformity, septa and ade- 
nomyosis with its classical hour-glass de- 
formity. 


DISCUSSION 


In 1926, Nichols? described a double 
gallbladder on a plain roentgenogram of 
the abdomen by demonstrating radiopaque 
gallstones in the right upper quadrant. 
Climan? reported the first gallbladder du- 
plication during oral cholecystography. 

There are three types of triple gallblad- 
ders, depending on the number of cystic 
ducts and their relationship to the common 
duct: (1) Three cystic ducts form one com- 
mon cystic duct before entering the com- 
mon duct (Fig. 14); (2) two cystic ducts 
join prior to entering the common duct 
and the third cystic duct joins the common 
duct separately (Fig, 15); and (3) all three 
cystic ducts empty separately into the 
common duct (Fig. 1C). 

In 1958, Skielboe* and Boni? each de- 
scribed gallbladder triplication. In both 
presentations, three cystic ducts entered 
the common duct separately. Skielboe 
cited an example wherein the roentgeno- 
gram revealed a double gallbladder. In 
retrospect, a third gallbladder obscured by 
the other two gallbladders was also faintly 
seen. Due to symptomatology, an explora- 
tory operation was performed; and three 
gallbladders containing calculi were re. 
moved. In 1959, Kelley!? and Hause! also 
described triple gallbladders diagnosed 
either roentgenologically or during patho- 
logic examinations. In Kelley's presenta- 
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‘ic. 1. Three types of triple gallbladder. (4) Three cystic ducts combine to form one cystic duct before join- 
ing the common duct. (B) Two cystic ducts combine to form a single duct; this new duct and the third 
cystic duct join the common duct separately. (C) All three cystic ducts join the common duct separately. 


tion, two gallbladders with a single cystic 
duct emptied into the common duct. The 
third gallbladder was not seen. However, 
because of persistent clinical symptoms, a 
laparotomy was performed; and the third 
gallbladder containing its own cystic duct 


A] 


Fig. 2. (4) Oral cholecystogram showing three g 


allbladders and a portion of the cystic duct. (B) In- 


emptying into the common duct was ob- 
served. All three gallbladders were re- 
moved. In the report by Hause, gall- 
bladder triplication was not recognized 
during surgery. Pathologic dissection re- 
vealed a separate cystic duct to the line of 





travenous cholangiogram with tomography showing the gallbladder anatomy more graphically. 


Vor. 104, No. 3 





section for each of the three gallbladders. 


^ 


In 1963, Carls? reported gallbladder trip- 
ication with three separate Cystic ducts, 
wo of which joined together before enter- 
ng the common bile duct. In each of these 


Triplication 


of the Gallbladder 


Fic. 3. (4, B and C) Studies after fat meal 
made at 8, 15, and 25 minutes, respec- 
tively, show all three gallbladders con. 
tracting in addition to the entire Cystic 
and common ducts. 


reports of gallbladder triplication, at least 
one of the three gallbladders contained 
calculi. 

There have been other reports wherein a 
normal or abnormal single gallbladder was 
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demonstrated roentgenologically, and an 
abnormal second gallbladder was observed 
during surgery." In one patient, à 
second cholecystectomy was performed 5 
years after the first, at which time a second 
unsuspected abnormal gallbladder con- 
taining calculi was removed. 


REPORT OF A CASE 


This unique anomaly, a triple gallbladder, 
was found recently during routine cholecystog- 
raphy in a 51 year old male with a history of 
vague upper abdominal pain. Physical ex- 
amination was normal. 

Cholecystography revealed triplication of 
the gallbladder (Fig. 2, 4 and B). No calculus 
was present. After a fat meal, gallbladder con- 
tractility was excellent with cystic duct and 
common duct communcations well visualized 
(Vig. 3, 4, B and C). Intravenous cholangiog- 
raphy, including tomography as well as fat 
meal studies dramatically accentuated the 
anatomic relationships of the gallbladders and 
ductal systems (Fig. 25). The largest and de- 
pendent gallbladder seemed to empty directly 
into a large cystic duct. Two smaller gall- 
bladders near the infundibulum appeared to 
join the common duct in a cluster close to- 
gether. 


COMMENT 


'The value of being aware of any biliary 
tract anomaly cannot be overemphasized. 
This is of distinct advantage to the surgeon 
inasmuch as potential surgical complica- 
tions may thus be avoided. Roentgen diag- 
nosis of accessory gallbladders depends 
upon their ability to concentrate the con- 
trast medium and, at times, upon their 
response to a fat meal. The fat meal is often 
the only means of delineating the pre- 
cise anatomy of the cystic and common 
ducts27242 The ability of the gallbladders 
to respond to a fat meal may indicate 
whether the gallbladders are functioning. 
Intravenous cholangiography and tomog- 
raphy can be of additional value in de- 
lineating accessory gallbladders and their 
ductal system. Oblique views of the gall- 
bladder often may help in differentiating a 
phrygian cap from an accessory gallbladder. 

Many pathologic conditions have been 
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found in accessory gallbladders during 
surgery or at autopsy.* ^? These include 
calculi, cholecystitis, adenomyosis, choles- 
terolosis, papillomas, carcinoma, limey 
bile and gallbladder torsion. Some surgeons 
excise all accessory gallbladders, whereas 
Ryrberg? and others removed only the 
diseased gallbladders.!® Duplicate and mul- 
tiple gallbladders may lie so close together 
that they are removed as one organ. 


SUMMARY 


Triplication of the gallbladder is a rare 
anomaly. Up to the time of this presenta- 
tion only 5 instances have been reported 
in man. 

In the case described herein, demonstra- 
tion of triplication of the gallbladder with 
its precise anatomy was dramatically aided 
by fat meal studies, multiple oblique views, 
and tomography. 


Maurice D. Sachs, M.D. 
Westgate Medical Arts Center 
Cleveland, Ohio 44126 
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SPLENIC ARTERIOGRAPHY IN 
TURE OF THE SPLEEN* 


By ROBERT N. BERK, M.D.,t and MARK H. WHOLEY, M.D.1 


PITTSBURGH, PENNSYLVANIA 


SOLATED acute rupture of the spleen 

with massive intraperitoneal bleeding 
rarely presents a diagnostic problem. With 
the attending shock there is little time or 
‘ndication for extensive diagnostic evalu- 
ation since immediate surgery is manda- 
tory. A larger number of patients with 
splenic rupture, however, present with 
more obscure features. Bleeding may be 
slow or delayed producing inconclusive 
signs and symptoms. Associated head, 
chest, or peripheral skeletal injuries may 
mask the abdominal findings, or the splenic 
injury may be obscured by concomitant 
lacerations of the kidneys and liver. 

Physical signs, laboratory tests, plain 
roentgenograms, and peritoneal aspiration 
are nonselective and often inconclusive 
diagnostic techniques. The purpose of this 
report is to review the application of sple- 
nic arteriography in the diagnosis of rup- 
tured spleen, to describe the angiographic 
features, and to show that the procedure 
is an accurate, prompt, safe and selective 
method for diagnosis. 


MATERIALS AND METHODS 


We have had occasion to evaluate the 
application of splenic arteriography in the 
diagnosis of 25 patients suspected of having 
a rupture of the spleen. All 25 presented 
with either indefinitie splenic signs or sug- 
gested multiple organ injuries necessitat- 
ing arteriographic studies for clarification. 
Twenty-one of the patients were examined 
within a few hours of the injury and follow- 
ing stabilization of the vital signs. Three 
patients were examined a few days after the 
injury and 1 was studied 11 days after the 


injury when signs of delayed splenic rup- 
ture appeared. 

Following a percutaneous femoral punc- 
ture, a green Odman catheter (outer diam- 
eter 2.4 mm. and inner diameter 1.3 mm.) 
was directed by image-intensified fluoro- 
scopy into the aorta and the celiac axis was 
selectively catheterized. When possible, 
the tip of the catheter was advanced into 
the splenic artery. Thirty-five milliliters of 
76 per cent diatrizoate was injected at a 
flow rate of 7 to 10 ml. per second. Films 
were exposed using a serial film changer at 
2 per second for 4 seconds, 1 per second for 
4 seconds, and then every 4 seconds after 
16 additional seconds. This timing pro- 
vided visualization of the spleen in arter- 
ial, sinusoidal and venous phases. Injec- 
tion into the celiac axis also allowed evalu- 
ation of the liver. In the event of associated 
hematuria the same catheter was posl- 
tioned in either of the renal arteries and 
arteriographic studies of the kidneys were 
obtained. 


RESULTS 


Rupture of the spleen was diagnosed by 
splenic arteriography in 20 of the 25 pa- 
tients studied. Immediate surgery con- 
&rmed the arteriographic findings. In the 
other § patients, the arteriogram showed 
an intact spleen and no surgery was under- 
taken. These patients recovered and re- 
mained well. Two of the patients had as- 
sociated renal injuries which were con- 
veniently evaluated by arteriography at 
the time of the splenic examination. There 
were no complications of the arteriographic 
procedure. 


* Exhibit presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 


1—4, 1968. 


From the Departments of Radiology of the North Hills Passavant Hospital, the Allegheny Valley Hospital, and the Veterans 
Administration Hospital, University of Pittsburgh, School of Medicine, Pittsburgh, Pennsylvania. 

+ Clinical Assistant Professor of Radiology, University of Pittsburgh, School of Medicine. 

1 Clinical Associate Professor of Radiology, University of Pittsburgh, School of Medicine. 
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In all instances of splenic rupture certain 
striking angiographic features were ob. 
served, either singly or in combination. 
The most common finding was extravasa- 
tion of the contrast medium into the sple- 
nic parenchyma. This was observed in 
varying extent in all 20 patients. In the 
arterial phase, small pools of contrast 
medium were identified adjacent to the 
smaller arterial branches producing a 
mottled effect. In the sinusoidal phase, the 
pooling was exaggerated with smudging 
of the contrast material in comparison to 
the uniform parenchymal opacification 
normally observed. The second most com- 
monly observed feature, present in 13 of the 
patients, was opacification of the splenic 
vein in the arterial phase resulting in si- 
multaneous visualization of the splenic 
artery and vein. This is due to extravasa- 
tion and shunting of contrast medium 
through the lacerated splenic pulp with 
creation of an acquired arteriovenous fis- 
tula. In 10 patients the actual laceration 
was identified as a nonopacified defect in 
the parenchyma with loss of the normal 
continous splenic contour. Stretching and 
displacement of the intraparenchymal ves- 
sels indicated an intra-splenic hematoma 
and was observed in 8 of the cases. Little 
Importance was attached to displacement 
of the spleen away from the diaphragm or 
lateral thoracic wall since this distance 
varies normally from a few millimeters to 
several centimeters. Extravasation of con- 
trast medium into the peritoneal cavity 
was not observed. 


REPORT OF CASES 


Case 1. A 17 year old boy was admitted with 
pain in the abdomen 3 days after he had been 
thrown from a motorcycle. There was muscle 
guarding and tenderness in the left upper 
quadrant. Plain roentgenograms of the ab- 
domen suggested the presence of blood in the 
left flank and pelvis. A celiac angiogram showed 
a ruptured spleen (Fig. 1). At splenectomy, a 
large subcapsular hematoma was present in the 
upper medial portion of the spleen with cap- 
sular tears at the hilus and in the superior pole. 
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FIG. 1. Case 1. Arterial phase of a celiac angiography 
demonstrating pooling of the contrast medium in 
the splenic parenchyma adjacent to the smaller 
arterial branches. 


CASE II. A 15 year old boy was admitted 
with pain in the chest and abdomen | day after 
being injured in a fight. There was tenderness 
and guarding in the left upper quadrant. Plain 
roentgenograms of the abdomen suggested the 
presence of blood in the left flank and pelvis. 
A celiac angiogram showed a ruptured spleen 
(Fig. 2). At splenectomy a large clot was ad- 
herent to a laceration of the lower pole with 
a tear in the capsule extending from the hilus. 





F16. 2. Case 11. Late arterial phase of a celiac angiog. 
graphy demonstrating extravasation of contrast 
material into the splenic parenchyma, loss of 
marginal continuity, and an area of deficient par- 
enchymal filling in the lower pole. Note pooling 
and smudging of the contrast medium. 


664 Robert N. Berk and Mark H. Wholev NOVEMBER, 1968 


Fic. 3. Case rir. (4) Late arterial phase of a celiac 
angiography demonstrating contrast medium ex- 
travasation with early filling of the splenic vein. 
(B) Venous phase of the same arteriography dem- 
onstrating marginal irregularities, areas of avascu- 
larity and extravasation of contrast medium. 


— 


Case rir. A 26 year old man was admitted 
after an automobile accident with severe pain 
in the left anterior and lateral chest. Plain 
roentgenograms of the abdomen showed multi- 
ple rib fractures on the left and suggested the 
presence of blood in the left flank and pelvis. A 
celiac angiogram showed a ruptured spleen 
(Fig. 3, ÆA and B). At splenectomy there was à 
stellate splenic laceration. 


Case iv. A 25 year old woman was admitted 
following an automobile accident complaining 
of severe diffuse thoracic and abdominal pain. 
Multiple rib fractures, a 40 per cent pneumo- 
thorax and gross hematuria were present. 
An intravenous pyelogram demonstrated a non- 
functioning right kidney. Selective renal and 
celiac arteriography demonstrated complete 
laceration of the renal pedicle and rupture of 
the spleen (Fig. 4, 7 and B). The findings were 
confirmed and a right nephrectomy "and splen- 
ectomy were preformed. 





e 





Fic. 4. Case 1v. (4) Celiac axis arteriogram demonstrating a large central hematoma and simultaneous 
opacification of the splenic vein. (B) Right renal arteriogram in the same patient showing complete lacera- 
tion of the renal pedicles with thrombosis and retraction of the renal artery. 
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CASE V. A 24 year old man was admitted 
after an automobile accident with mild left 
upper quadrant pain. Gross hematuria and 
alterations in the calyceal structures on an 
intravenous pyelogram suggested injury to the 
left kidney. Selective renal and splenic arter- 
lography demonstrated rupture of the spleen 
but an intact left kidney (Fig. 5). The findings 
were confirmed at splenectomy. 


CASE VI. A 37 year old man was admitted 10 
days after an injury with pain and tenderness 
in the abdomen. Plain roentgenograms of the 
abdomen showed a mass in the left upper 
quadrant in close proximity to the spleen (Fig. 
6, 4 and B). Splenic arteriography showed a 
ruptured spleen. At splenectomy, there was a 
ruptured spleen with a large subcapsular hema- 
toma. 


DISCUSSION 


Norell? in 1957, first described the 
application of abdominal aortography in 
the diagnosis of splenic rupture. A per- 
cutaneous retrograde femoral approach 
was used. In 1959 Woodruff e£ 4/5 utilized 
a translumbar technique in making the 
diagnosis. Steinberg and Karl, in 1960, 
suggested intravenous aortography as a 
diagnostic method. As refinements in selec- 
tive arteriography occurred, Pollard and 
Nebesar!? described a patient with splenic 
rupture diagnosed by a selective celiac in- 
jection. At the present time, 14 patients 
have been described utilizing either direct 
aortography or selective celiac or splenic 
examinations, ?7.94? Selective celiac or 
splenic artery injections provide optimum 
opacification and are the preferred meth- 
ods. Since the majority of the angiographic 
features of the splenic rupture depend on 
an intense sinusoidal opacification, these 
changes may be overlooked by the more 
indirect methods. 

When a conclusive diagnosis can be es. 
tablished by other techniques, splenic 
arteriography is obviously not indicated. 
That diagnostic difficulty exists, however, 
is illustrated by the fact that 17 of 68 pa- 
tients studied by Solheim" did not undergo 
surgery until more than 24 hours after the 
accident. Abdominal pain is invariably 
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Fic. 5. Case v. Arterial phase of a splenic angiog. 
raphy demonstrating early venous filling and ex. 
tensive pooling of contrast medium in the spleen. 
SP.A.=splenic artery. SP.V.=splenic vein. 


present but is localized to the left side o! 
the abdomen in only one-third of the pa- 
tients." This becomes of even less value in 
the unconscious patient. Plain roentgeno- 
grams of the abdomen may be diagnostic 
of intraperitoneal trauma if they definitely 
show blood in the pelvis and flanks.:* 
Frequently, however, it is not possible to 
distinguish blood from fluid.filled loops of 
small bowel in the pelvis and interposed 
between the colon and the periton- 
eum. Ín addition, there must be consider. 
able amounts of blood in the peritoneal 
cavity before the plain roentgenograms 
are diagnostic. Examination with barium 
and pneumoperitoneum may be helpful 
but are not always conclusive? Scanning 
of the spleen is an important diagnostic 
modality but a negative study does not 
exclude the diagnosis of ruptured spleen. 
Abdominal paracentesis by the 4 quadrant 
tap technique produces false negative re- 


sults in from to to £o per cent? The meth. 


666 


Robert N. Berk and Mark H. Wholey 


NOVEMBER, 1968 





Fic. 6. Case vi. (4) Arterial phase. (B) Venous phase. Celiac arteriography demonstrating marked displace- 
ment and stretching of splenic parenchymal vessels and medial displacement of the entire spleen by a large 


subcapsular hematoma. 


od of peritoneal lavage proposed by Root 
et al! may prove to be more reliable. 

At the present time it appears that sple- 
nic arteriography is the most accurate and 
precise method, other than surgery, for the 
diagnosis of splenic rupture. There I$ €s- 
sentially no morbidity from the examina- 
tion which can be performed as an emer- 
gency procedure with results available 
quickly. Since the majority of the patients 
suspected of having splenic rupture are 
in a younger age group, vessel tortuosity 
and atherosclerotic occlusive disease rarely 
complicate the arteriographic technique. 
Injection into the celiac axis is only slightly 
less satisfactory than direct injection into 
the splenic artery. Injection into the aorta 
can be adequate but it does not provide 
the exquisite detail of the selective studies. 

Arteriography should be performed on 
every patient suspected of having a rup- 
tured spleen when there 1s uncertainty as 
to the diagnosis and when other diagnostic 
methods are inconclusive. The procedure 


should not be done when there is shock, 
but there is no additional hazard in an 
acutely ill patient when the vital signs are 
stable. Prompt diagnosis by arteriography 
prevents unnecessary surgery, avoids pro- 
longed clinical observation with its asso- 
ciated hazards, and permits the detection 
and evaluation of other visceral injuries. 


SUMMARY 


Splenic arteriography proved to be an 
accurate, prompt and safe method for the 
diagnosis of rupture of the spleen in 20 
of 25 patients studied. In the other 5 arteri- 
ography showed that the spleen was intact 
and unnecessary surgery was avoided. 
Arteriography should be done in all pa- 
tients suspected of having splenic trauma 
when the diagnosis is uncertain and 
when other clinical and roentgenographic 
diagnostic techniques are inconclusive. 
The procedure can be performed quickly 
on an emergency basis with essentially 
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no morbidity and the results are available 
immediately. 

The arteriographic features of rupture 
of the spleen are striking and consist of 
extravasation of contrast material into 
the splenic parenchyma, irregular splenic 
opacification, loss of the continuous sple- 
nic contour and simultaneous visualization 
of the splenic artery and vein. 


Robert N. Berk, M.D. 
Department of Radiology 
North Hills Passavant Hospital 
9100 Babcock Boulevard 
Pittsburgh, Pennsylvania 15237 
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SPLEEN IRRADIATION IN SECONDARY 
HYPERSPLENISM* 


~ 


By F. V. COMAS, G. A. ANDREWS and B. NELSON 


OAK RIDGE, TENNESSEE 


YPERSPLENISM has been defined 

as a disorder characterized by de- 
pression of one or more of the cell types in 
the blood, accompanied usually by an en- 
larged spleen, and cured or alleviated by 
splenectomy. Several theories have been 
proposed to explain this syndrome but it 
remains rather poorly understood. The 
cytopenias have been attributed to in- 
creased cell destruction in the spleen, to a 
humoral factor interfering with cellular 
maturation in the marrow, or to increased 
cell destruction due to antibodies of the 
auto-immune type.’ When the syndrome 
is associated with certain known diseases, 
the patient is said to have secondary hy- 
persplenism; when no cause is apparent, 
the hypersplenism is called primary. Sec- 
ondary hypersplenism may be associated 
with diseases that in themselves cause de- 
pression of formed blood elements. These 
diseases include the malignant lymphomas 
and leukemias. In such instances, it may 
be difficult to determine the role the spleen 
plays in the production of anemia, leuko- 
penia, or thrombocytopenia. Dameshek 
and Estren? stated that a diagnosis of hy- 
persplenism can be rendered only when the 
bone marrow is normal or hyperplastic. 
This limitation, however, might not apply 
to patients with myeloproliferative syn- 
dromes whose bone marrow contains patchy 
areas of fibrosis alternating with hyperac- 
tive hemopoiesis. In these patients, the 
spleen also becomes a hemopoietic organ. 
Two patients with a myelofibrosis, one 
idiopathic and the other in an end-stage of 
polycythemia rubra vera are presented in 
this report; their hemolysis and thrombo- 
cytopenia regressed greatly after splenec- 
tomy, indicating that the enlarged spleens, 


in addition to making blood cells, also con- 
tributed to their destruction. 

Although removal of the spleen is fre- 
quently effective in relieving the cyto- 
penias of secondary hypersplenism, there 
are exceptions? and the operation is not 
always justified. The underlying disease 
may be so advanced that other features of 
it are more threatening to the patient’s 
life, and steroid therapy may be adequate 
to control the manifestations of hyper- 
splenism. Even when the operation seems 
to be indicated, one has to reckon with its 
disproportionately high mortality and mor- 
bidity;^ many of these patients are in poor 
general condition, with chronic debilitation 
and with spleens that are huge and at- 
tached to adjacent structures by vascular 
adhesions. 

Although irradiation of the spleen is a 
common therapeutic measure in a number 
of diseases that often show secondary 
hypersplenism, apparently little attention 
has been given to analyzing the effects of 
irradiation on the manifestations of hyper- 
splenism as distinct from the effects on the 
primary disease process. We have been 
able to find only 6 papers on this subject. 
Davis’ report! concerns a patient with 
Hodgkin's disease whose hemolytic anemia 
was controlled for 3 years after irradiation; 
the spleen and enlarged lymph nodes were 
irradiated; the dose was not stated. Stats 
et al. presented 2 patients with secondary 
hypersplenism. One patient with giant 
follicular lymphosarcoma received 150 r to 
the whole abdomen, anteriorly and poste- 
riorly (time interval not given); the other 
patient had Hodgkin’s disease and re- 
ceived 7 treatments of 75 r (time interval 
not given) over the spleen. Neither patient 


* From the Medical Division, Oak Ridge Associated Universities, Oak Ridge, Tennessee, under contract with the United States 


Atomic Energy Commission. 
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TABLE I 
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HEMATOLOGIC MANIFESTATIONS OF HYPERSPLENISM 
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Patient No. Diagnosis Hemolysis Granulocytopenia | Thrombocytopenia 
I Lymphosarcoma Yes Yes Yes 
2 Myeloproliferation Yes No No 
3 M yeloproliferation Yes No Yes 
4 Lymphatic leukemia Yes No No 
5 Liver cirrhosis No Yes Yes 
6 Lymphatic leukemia Yes No Yes 
7 Lymphatic leukemia Yes Æ Yes 
8 Lymphosarcoma Yes Yes Yes 








showed any reduction of hemolysis. Brown 
and Meynell? reported an unusual case of 
a patient with Hodgkin’s disease and 
splenomegaly, whose hemolytic anemia 
improved somewhat after splenectomy; 
subsequently, cervical, axillary, and in- 
guinal lymph nodes were irradiated with 
10,800 r (total cumulative air dose to all 
ports?) in 28 days; hemolysis ceased and 
did not recur for the next 3 years of the 
patient's life. Hotchkiss and Block? re- 
ported 2 patients with chronic granulo- 
cytic leukemia, whose shortened Cr? red 
blood cell survival did not improve after 
1,900 r to the spleen; it is doubtful, how- 
ever, whether these 2 cases can be con- 
sidered true hypersplenism. Newall’ de- 
scribed 8 patients with secondary hyper- 
splenism treated with irradiation to the 
spleen. Of these, 2 showed improvement 
in hemolytic anemia after receiving 500 
rads to the spleen in 2 to 4 weeks; the 
others had no benefit. 

Djaldetti e a/? investigated the specific 
question of whether irradiation to the 
spleen was of therapeutic value in secon- 
dary hypersplenism. Five of 8 patients 
with chronic lymphocytic leukemia and 
hypersplenism were relieved of abnormal 
hemolysis for 5 to 50 weeks after receiving 
spleen irradiation in doses of 200 to 700 r 
given in a few days time. 


MATERIALS AND METHODS 


Our study is based on 8 patients. Two of 
them (No. 1 and 2) had been treated before 
the protocol for this study was drawn. The 


other 6 were consecutive patients who were 
studied and treated in a predetermined 
way. The primary diagnoses were: liver 
cirrhosis (1), chronic lymphatic leukemia 
(3), lymphosarcoma (2), and a myelopio- 
liferative syndrome as a late stage of long- 
standing polycythemia rubra vera (2). All 
the patients had enlarged spleens. The 
hematologic manifestations of hypersplen- 
ism (Table 1) were: hemolytic anemia in 7 
patients, granulocytopenia in 3, and throm- 
bocytopenia in 6. (Two patients did not 
have platelet counts but the blood smears 
showed a normal abundance of platelets.) 
A patient was classified as anemic, granu- 
locytopenic, or thrombocytopenic if the 
blood values were, respectively, less than: 
12 gm. of hemoglobin per 100 ml., 3,000 
granulocytes per cu. mm., and 140,000 
platelets per cu. mm. Hemolysis was 
verified by red blood cell survival curves 
with Cr? in 6 of the 7 anemic patients. 
They all showed reduced Cr! half-times, 
ranging from 5 to 16 days. (Patient No. r. 
on whom the test was not done, had a 
reticulocyte count of 5.3 per cent, and the 
serum bilirubin was 2.9 mg. per cent. Her 
bone marrow showed erythroid hyper- 
plasia.) 

The object of the study was to deter- 
mine whether splenic irradiation would 
control the hematologic signs of hyper- 
splenism. To this end, no active treatment 
for the primary disease or hypersplenism 
was given for at least 2 weeks before irra- 
diation and for 1 month afterwards. Blood 
transfusions, however, were continued as 
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TABLE II 


ABSOLUTE GRANULOCYTE COUNTS 











Before After 








Patient 
No. [rradiation* Irradiation | 
PT 
I 2.696156 | 1,0354 122| 0.01 
2 3,410+265 | 5,597: 1,319 | NS 
4 4,025 T 513 9223. O4 | «D.0l 
4 354104265 | 3,4454 363 | N.S 
6 L $ip 531 | 1,4983 212 | N.S. 
6 3,8744943 | 1,156 127 | «O.OI 
7 2,207493 | 1,443+ 164 | N.S. 
8 1,7874420 | 2,080+ 374 | N.S 








* Mean and standard deviation of the mean. 
+ Probability that the difference between mean pre-treatment 

and post-treatment granulocyte counts is due to random chance. 
N.S.= not significant. 


necessary to maintain the hemoglobin 
within acceptable levels. Patients No. 1, 
4 and 8 were receiving corticosteroids be- 
fore irradiation, and this medication was 
continued during the time of irradiation 
and follow-up. 

Irradiation was given with cobalt-60 
teletherapy through opposing anterior and 
posterior fields, large enough to include all 
of the spleen. The treatment plan was to 
administer 2,000 r to the plane midway 
between the anterior and posterior body 
surfaces in a period of about 10 days, but 
only 4 patients received that much (Table 
v1). Patients No. 1 and 2 (receiving 700 r 
in 17 days, and goo r in 11 days) were irra- 
diated before this study was planned. 
Doses to Patients No. 3 and 8 were held 
to 1,000 r and 1,500 r, respectively, in 13 
days because of a rapid and alarming fall 
in their blood values during the course of 
therapy. 

Results were assessed by comparing the 
hematologic values before and after irra- 
diation. The comparison was made as 
follows: the granulocyte and platelet counts 
and hemoglobin concentration, in the 2 to 
3 weeks before irradiation, were averaged 
to obtain control pre-treatment values. 
The post-treatment mean values were éal- 
culated by averaging the counts and hemo- 
globin concentration recorded from Day 
20 to Day 60 after the beginning of irra- 
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diation. Blood values beyond the sixtieth 
day were not considered because by that 
time other therapeutic measures were 1n- 
stituted that might be responsible for 
whatever changes were taking place. The 
differences between pre- and post-treat- 
ment values were subjected to a t-test" to 
determine whether they were statistically 
significant. As a precaution against making 
unwarranted comparisons, an analysis of 
variance F-test was carried out! for all 
paired means. In all cases but two (see 
below), the test indicated that the hypo- 
thesis of equal variances was tenable, and, 
therefore, that the comparisons were valid 
from a statistical point of view. In the 2 
exceptions, the means were compared using 
Bailey’s approximation.! 


RESULTS 


In no case did we observe an increase in 
granulocytes within 60 days after irradia- 
tion. Three patients who were frankly 
granulocytopenic before treatment re- 
mained so afterwards (Table 11). Further- 
more, 3 patients who had normal or border- 
line granulocyte counts became granulo- 
cytopenic after irradiation. In relative 
terms, the drop in granulocytes was sta- 
tistically significant in 3 patients, 2 of 
whom previously had normal counts. These 
2, however, probably represent special 
cases. They are the 2 exceptions mentioned 
above (Patients No. 3 and 6^, whose mean 
post-treatment count could not be directly 
compared to the pre-treatment granulocyte 
counts because of unequal variances. Pa- 
tient No. 6 with chronic lymphatic leu- 
kemia developed a septicemia that might 
have been responsible for the leukopenia. 
Patient No. 3 had idiopathic myelofibrosis 
and a huge spleen. Presumably most of his 
granulocytes were produced in the spleen 
and the granulocytopenia may well have 
been the result of a direct radiation effect 
on granulocyte precursors. 

The 6 patients on whom we had platelet 
counts were thrombocytopenic before 
spleen irradiation, and also afterwards 
(Table 111). The only significant change 


Vor. 104, No. 3 Spleen Irradiation in Secondary Hypersplenism 671 





Tazsrix HI 
PLATELET COUNTS 

Patient No. Before Irradiation* After Irradiation P1 
I 62,600 21,679 III,£09 113,304 N.S 
9 — prann — 
3 46,8753. 2,042 8,6541 2,498 <O.01 
4 MW B = 
5 45,417 5,099 49,0004+ 4,231 NS. 
6 65,500 9,165 64,318+ 4,000 N.S. 
7 71,667Ł 2,059 63,929 + 10,440 N.S. 
8 3353334 3,821 20,962 4,494 NS 


———————————— mmm tn M et pnt lp rr A er i py ttf — ————————P HE TAA a th nol 


* Mean and standard deviation of the mean. 


t Probability that the difference between mean pre-treatment and post-treatment platelet counts is due to random chance. 


N.S.— not significant. 


was in Patient No. 3, already alluded to, 
whose count decreased to very low levels, 
probably for the reasons mentioned above. 

The red blood cell values did not fare 
much better. Except for Patient No. 5, 
whose only manifestations of hypersplen- 
ism were granulocytopenia and thrombo- 
cytopenia, all had hemolytic anemia that 
persisted throughout the follow-up period. 
In 3 patients the post-treatment hemo- 
globin value was significantly higher than 
before, but this is probably attributable to 
an Increase in the frequency of blood trans- 
fusions (Table 1v). It is conceivable, how- 
ever, that splenic irradiation brought 
about a slight decrease in the rate of hemo- 


lysis because the red blood cell survival 
was a little longer in 3 of the 4 patients on 
whom pre- and post-treatment determina- 
tions were available (Table v). 


DISCUSSION 


This was a difficult study. Most of the 
patients were very ill with a combination 
of symptoms related to their primary dis- 
ease, and especially, to the hypersplenism. 
For survival some patients required many 
blood transfusions (Table rv), with dis- 
couragingly brief benefit because of the 
hemolysis. Hemorrhages were frequent, 
due to the low platelet levels, and the 
threat of infection was always present. 


Taste IV 


HEMOGLOBIN AND BLOOD TRANSFUSIONS 








Average Interval Between Blood 


Patient Hemoglobin Transfusions (days) 
No. 
Before Irradiation* | After Irradiation LT Before Irradiation | After Irradiation 
M MM ———I————— —ÓI——————— 
I 9.90.4 10.4+0.2 | N.S IO 12 
2 8.81.3 4.70.4 N.S 7 9 
3 PAE Oe 9.20.4 | <O0.05 10 4 
4 10:1: 0,5 11,700.59 <O.01 No transfusions 15 
$ 12.2::0.2 11.5053 | N.S No transfusions No transfusions 
6 8.2+0.9 8.2+0.6 | N.S 3 2 
7 0.8-F0.3 9:5 50.6 N.S 25 15 
8 9.90.5 9.80.2 «O.OI 5 4 


* Mean and standard deviation of the mean. 





t Probability that the difference between mean pre-treatment and post-treatment hemoglobin values is due to random chance. 


N.S. = not significant. 
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TABLE V 
RED BLOOD CELL SURVIVAL 

Cr? Half-Time (days) 
. | T ii - 
Patient No. Before After 

Irradiation Irradiation 

I —— —— 

o —— 

3 15 

4 5 — 

c * * 

6 7 7 

3 15 2I 

8 10 17 





* No abnormal hemolysis evident. 


Withholding therapeutic efforts according 
to the protocol was justifiable only because 
of the risks and discomfort of the alterna- 
tive, splenectomy. 

The evidence presented here clearly in- 
dicates that irradiation of the spleen was 
not effective in controlling hypersplenism. 
One may speculate that other irradiation 
methods with larger or smaller doses, or a 
different fractionation schedule, might have 
been more effective. We believe this un- 
likely because our series included 4 patients 
irradiated with short intensive courses, and 
4 treated in a milder manner (Table v1), 
and we could see no difference in the results. 
The question of the greater efficacy of 


TABLE VI 


EFFECTS OF SPLEEN IRRADIATION AND SPLENECTOMY 
IN SECONDARY HYPERSPLENISM 























Spleen Irradiation Splenectomy 
Patient —— 
A r/days Results M 
1 700/17 | Poor Good 
2 900/11 | Poor Good 
3 1 ,000/13 | Poor Good 
4 2,000/8 Poor Poor 
5 2,000/8 | Poor Good 
6 2,000/13 | Poor Good 
7 2,000/10 | Equivocal | No operation 
8 1,500/13 | Poor No operation 
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larger doses is academic, because it is 
doubtful that these patients could tolerate 
more than 2,000 r in about 10 days. Two 
of our patients, indeed, could not complete 
the planned treatment course because of 
rapid further deterioration of their hema- 
tologic status during the treatment course. 

A limitation in the interpretation of our 
results is that we have presented data ex- 
tending for only 60 days after the beginning 
of spleen irradiation. It is conceivable that 
possible benefits from the treatment might 
have been missed because they became 
noticeable only after the end of 2 months. 
All 8 patients, however, were observed 
much longer, although for the purposes of 
this presentation, subsequent events have 
not been related. Only 1 patient (No. 7) 
seemed to have become stabilized 3 months 
after spleen irradiation; although his gran- 
ulocyte and platelet counts were still low, 
he required no blood transfusions for the 
next 3 years, maintaining hemoglobin 
values between 12 and 14 grams per cent. 
His red blood cell survival was not tested 
again, so that one cannot say whether the 
improvement was due to the spleen irradia- 
tion or to compensation of hemolysis by 
overproduction of red blood cells. 

Because of continued symptoms of 
hypersplenism, 6 of the other 7 patients 
eventually had their spleens removed. Five 
of them obtained good relief of their 
hypersplenism (Table vi) lasting from a 
few months to several years. The operation, 
however, was not without risk; 3 patients 
had severe postoperative complications 
(pneumonitis, pulmonary infarct and sub- 
phrenic abscess) and 1 patient died as a 
result of a subphrenic abscess several 
months after splenectomy, at a time when 
his blood values were finally near normal 
levels. Another patient (No. 8) was sched- 
uled for splenectomy but, despite vigorous 
therapy with corticosteroids, died before 
the operation could be performed. 

Although the effects of irradiation of the 
spleen on hypersplenic manifestations were 
disappointing, most of the patients ob- 
tained some benefit from the treatment. 
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In patients with leukemia, there was a 
rapid and profound drop in circulating 
leukemic cells, as expected. Reduction in 
the size of the spleen occurred in all pa- 
tients. In several this provided relief of 
abdominal distention, and in those pa- 
tients who came to splenectomy, the opera- 
tion was facilitated. 


SUMMARY 


The purpose of this study was to deter- 
mine the effect of splenic irradiation on the 
hematologic manifestations of hypersple- 
nism: hemolytic anemia, granulocytopenia, 
and thrombocytopenia. 

Eight patients with hypersplenism sec- 
ondary to various diseases had their spleens 
irradiated with doses of between 7oo and 
2,000 rin a period of 8 to 17 days. Although 
most of the patients had some clinical 
improvement, related particularly to the 
reduction in spleen size, the hypersplenic 
manifestations showed little response to the 
treatment. Only 1 patient had a lasting 
remission of hemolytic anemia, and even 
this was not clearly attributable to splenic 
irradiation. 

Splenectomy was effective in controlling 
hypersplenism, and, when feasible, is the 
treatment of choice for this condition. 


F. V, Comas, M.D. 

ORAU Medical Division 
Box 117 

Oak Ridge, Tennessee 37830 
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SPLEEN SCANNING WITH INDIUM 
113m LABELED COLLOID* 


By O. A. SORSDAHL, M.D., F. P. BRUNO, M.S., and C. M. WILLIAMS, M.D. 


GAINESVILLE, FLORIDA 


OLLOIDAL material injected intra- 

venously is rapidly accumulated by 
reticuloendothelial cells of the liver and 
spleen. In the normal individual approxi- 
mately 95-97 per cent is deposited in the 
liver and 3-5 per cent in the spleen. When 
doses as low as 100-300 gc of radioactive 
colloidal material (such as Au!*5) are ad- 
ministered, spleen scanning is not practi- 
cal because of the low photon flux from the 
spleen. Recently, the development of col- 
loidal substances labeled with short lived 
isotopes, such as technetium ggm or llis 
dium 113m, has made it possible to use 
much larger doses of radioactive material 
and thus obtain routine spleen scans of 
excellent quality in reasonably short count- 
ing time. The purpose of this report is to 
record our observations of spleen scanning 
with In! colloid. 


METHOD 

At our institution, liver and spleen 
scanning is carried out with a gamma cam- 
era (Nuclear Chicago Pho-Gamma III) 
approximately 5 minutes after the injec- 
tion of 2-3 mc of In!?» labeled colloid.’ 
Routine scannings are made of: (1) the 
anterior right upper quadrant; (2) the 
anterior left upper quadrant; (3) the right 
lateral liver; (4) the posterior right upper 
quadrant; (5) the posterior left upper 
quadrant; and (6) a left anterior oblique of 
the spleen. The latter scan is performed 
by placing the patient’s left side next to 
the detector and rotating him 15-20" to- 
wards the anterior position. Since the 
spleen lies posteriorly, it is rotated away 
from the liver in this projection. When 3 
mc of In!?» is administered, 300,000 counts 
from the spleen can be obtained in approxi- 
mately 5 minutes. 


RESULTS 

Our experience with In'?" colloid in- 
cludes more than £o cases. We have ob- 
tained visualization of the spleen in every 
case. An example of a normal spleen 1s seen 
in Figure 1, <, B and C. 

In some cases, radioactive colloidal scans 
of the spleen are obscured by an overlying 
left lobe of the liver. With the high photon 
flux resulting from millicurie doses of 
colloids, such as In“, multiple views of 
the spleen are practical. It is almost always 
possible to obtain a view of the spleen sep- 
arated from the liver. Figure 2, 4 and B 
shows an example of an enlarged spleen 
infiltrated with lymphosarcoma. Figure 
3, A and B shows a probable accessory 
spleen. 


DISCUSSION 


Current methods for spleen scanning 
with radioisotopes fall into 2 major cate- 
yories: (1) sequestration of damaged red 
blood cells previously tagged with radio- 
active compounds; and (2) nonspecific 
accumulation of radioactive colloidal ma- 
terial by the reticuloendothelial cells of the 
spleen. 

Examples of the first category are: sen- 
sitized" Cr? labeled erythrocytes; “heat 
damaged" Cr? labeled erythrocytes; and 
red blood cells damaged and tagged by 
Hg! labeled mercurihydroxypropane.* A 
variety of hematologic disorders will cause 
various patterns of erythrocyte sequestra- 
tion in the spleen and liver. The relative 
degree of sequestration by these 2 organs 
is determined by the semiquantitative 
measurements rather than scanning, and 
such determinations are essential for an 
understanding of the disorder and for 
planning management of the patient.* 


* From the Department of Radiology, the University of Florida College of Medicine, and the Veterans Administration Hospital, 


Gainesville, Florida. 
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l'1G. I. (4) Anterior, (B) posterior, and (C 

oblique scans of a normal spleen beginning 

5 minutes after injection of 3 mc of In!!?n 
colloid. (Nuclear Chicago Pho-Gamma III 
with 1,000 hole high energy collimator.) 
This method can obtain 300,000 counts in 
400-600 seconds. The spleen is clearly 
separated from the left lobe of the liver in 
the anterior, posterior and oblique views. 
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FIG. 2. (4) Posterior scan of the left upper abdomen ṣo minutes followi: 
a patient with lymphosarcoma. The spleen is massively enlarged. 
abdomen was also obtained. (Nuclear Chicago Pho-Dot with 3 


1g injection of 3 mc of In'™ colloid in 
(B) A rectilinear scan of the anterior 


3 inch crystal, 61 hole collimator at a speed 
of 60 cm./min. and 10 per cent supression.) 
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B 


Vic. 3. (4) Anterior and (B) posterior scans of left upper quadrant 5 minutes following injection of 2 mc of 


[n!?" colloid in a patient with recurrent thrombocytopenia following splenectomy for idiopathic throm- 
bocytopenic purpura. The small focal area of radioactivity lateral to the liver margin probably represents 


an accessory spleen. 


Examples of the second category include: 
colloidal Au!98; Tc? labeled sulfur col- 
loid: D? labeled colloidal albumin;? and 
Inm colloid. These agents undergo pha- 
gocytosis by the reticuloendothelial cells of 
the liver and spleen and are valuable in: 
(1) the differential diagnosis of left upper 
quadrant masses; (2) the diagnosis of sus- 
pected splenomegaly; (3) the diagnosis of 
mass lesions of the spleen; (4) the quanti- 
tative assessment of splenomegaly; (5) the 
detection of absence of functioning splenic 
tissue; and (6) the location of accessory 
spleens.* 

When red blood cell sequestration 1s not 


TABLE I 


APPROXIMATE DOSE TO SPLEEN OF COMMONLY 
USED COLLOIDS 





Administered 





Rads 
Dose : 
'Tc??* Sulfur Colloid 2.0 mc 0.7 
Au!?3 Colloid 150 pc 6.0 
[31 Colloidal Albumin 250 uC Q.1$ 
Inu?*9 Colloid 2.0 mc i.i 





under consideration, any colloidal radio- 
active material can be used for spleen vis- 
ualization. 

Table 1 indicates the radiation doses to 
the spleen using currently recommended 
colloids® and Table m indicates the advan- 
tages and disadvantages of the currently 
used radioactive colloids. Laboratories with 
facilities for radiopharmaceutical prepara- 
tion can perform routine spleen scannings 
with either Tc??» sulfur colloid or In!?* 
colloid. 


SUMMARY 


When 2-3 mc of indium113m colloid 1s 
injected intravenously for liver scanning, 
it is also accumulated by the spleen. The 
splenic uptake is high enough to produce 
excellent scans in 5-10 minutes with the 
scintillation camera. Our routine method 
for spleen scanning includes anterior, pos- 
terior and oblique lateral views. 


C. M. Williams, M.D. 
Department of Radiology 
Veterans Administration Hospital 


-—- 
1 


Gainesville, Florida 32601 
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Tas_e II 
ADVANTAGES AND DISADVANTAGES OF CURRENTLY USED COLLOIDS FOR SPLEEN SCANS 
Advantages Disadvantages 
Auts No preparation necessary Must be ordered weekly: highest dose to 


I! Colloidal Albumin 


Tc??" Sulfur Colloid 


[n"m Colloid 


t3 


3 


tion necessary 


High photon flux 


every 8 months 


Lowest dose to spleen; no prepara- 


High photon flux; no reported re- 
actions. Generator only ordered 


spleen; low photon flux except in cases of liver 
disease 


Must be ordered at least biweekly; low photon 
flux; must give Lugol's solution for 3 days 


Generator must be ordered weekly; must be 
prepared. Reactions have been reported with 


dextran as a stabilizer! 


Must be prepared 
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LIVER SCANS IN CHILDREN: ABDOMINAL MASSES 
SIMULATING METASTATIC DISEASE* 


By K. E. FELLOWS, Jr., M.D., and M. TEFFT, M.D. 


BOSTON, MASSACHUSETTS 


INCE itsintroduction in 1954, liver scan- 
ning has become increasingly important 
in the clinical evaluation of patients with 
either known or potential liver disease. It 
is generally conceded that the radioisotope 
scan is one of the most reliable single 
method of detecting hepatic involvement 
in the study of malignant disease. ^^ 
There are some limitations in the isotopic 
differentiation of hepatic neoplasms. The 
problem usually lies in the differentiation 
of a diffuse benign process from metastatic 
disease; in pediatrics this has been of in- 
frequent concern as the incidence of cirrho- 
sis and other diffuse, benign, hepatic dis- 
eases is low. When localized defects are en- 
countered, the history and physical exami- 
nation greatly assist in differentiating ab- 
scess, infarct, cyst, metastasis and primary 
tumor. However, the problem has arisen, in 
the preoperative evaluation of children 
with abdominal masses, as to whether the 
defects found on the liver scan actually 
represent metastatic disease in liver, or 
merely pressure deformities from the tumor 
masses themselves. A review of the recent 
pertinent literature failed to reveal refer- 
ence to such dilemmas, particularly in the 
pediatric age group. Therefore, it is the 
purpose of this paper to present 3 cases in 
which abdominal masses in children exerted 
such pressure on the liver as to cause differ- 
ential concentration of Au!?*, thus mimick- 
ing metastatic disease. 


METHOD 


Au!9$ in a dose of 3-5 uc/kg. body weight 
was injected intravenously. Scanning with 
the patient in the supine position was be- 
gun 1 to 4 hours later. A right lateral scan 
was usually obtained if abnormality was de- 
tected in the anteroposterior view. A Picker 


Magnascanner utilizing a 3X2 inch so- 
dium iodide thallium activated crystal was 
employed. This is equipped with a lead 
shielded rg hole collimator and a pulse 
height analyzer. 


REPORT OF CASES 


Case 1. R. H., a 41 year old Caucasian male 
was admitted to the Children’s Hospital Medi- 
cal Center on January 31, 1967. One month 
prior to the admission he was ill with scarlet 
fever, and on urinalysis 2 weeks prior to the 
admission white blood cells were found. There 
was a history of weight loss over the past month. 
An intravenous pyelogram several days prior 
to his arrival at Children's Hospital Medical 
Center showed deformity of the left kidney 
suggesting Wilms’ tumor. Slight distortion of 
the right renal collecting system was also noted. 

On physical examination the liver was pal- 
pable 2 inches below the right costal margin. A 
large, irregular and hard mass was palpated in 
the left upper quadrant and left flank. The 
mass moved with respiration. Liver function 
tests were normal except that the lactic dehy- 
drogenase was elevated (325 units). An Au? 
liver scan showed mass defects in the lateral 
margins of both the right and left hepatic lobes 
in the anteroposterior view (Fig. 1,7) and a 
posterior defect in the right lateral view (Fig.1 5). 

On February 1, 1967, a laparotomy was per- 
formed. A large left renal mass, confirmed mi- 
croscopically as Wilms' tumor, necessitated 
removal of the left kidney. Although this mass 
encroached upon the left lobe, the liver was 
examined and found free of tumor invasion or 
evident metastases. A large right retroperi- 
toneal mass involving the upper pole of the 
right kidney and extending up behind and 
compressing the right hepatic lobe anteriorly 
and medially was also discovered. Biopsy 
confirmed the presence of bilateral Wilms’ 
tumor. 

The right Wilms’ tumor was removed at a 
second laparotomy after the patient had re- 


* From the Department of Radiology, Division of Nuclear Medicine, The Children’s Hospital Medical Center; and from the Depart- 
ment of Radiology, Harvard Medical School, Boston, Massachusetts. 
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B 


Case 1. Boy, age 41 years, with palpable left flank mass. (4) Au" liver scan shows filling defect ii 


lateral margin of the right hepatic lobe and more subtle distortion of liver architecture in the lobe margin 
(B) A lateral view shows a posterior central mass lesion. Bilateral Wilms’ tumor was found at surgery 


to be compressing, but not invading the liver. A fibrous capsule separated the right 


masses from th« 


liver parenchyma. Biopsy showed no hepatic involvement. 


ceived radiotherapy to the abdomen and chemo- 
therapy. A portion of the liver was removed 
at the second operation and sectioning of the 
excised right hepatic lobe showed no invasion 
by tumor tissue. There was a fibrous capsule 
between the tumor and the liver. 


Case r1. S. P., a 16 month old white male 
was admitted to the Children's Hospital Medi- 
cal Center on February 21, 1967, the same day 
the mother had noticed a mass in the abdomen. 
On physical examination a 12X20 cm. mass, 
which did not move with respiration, was pal- 
pable in the right flank. On intravenous pyelog- 
raphy an intrarenal mass was demonstrated 
in the right kidney. An Au!55 liver scan showed a 
crescentic area of decreased uptake along the 
caudal edge of the right and left hepatic lobes. 
Involvement of the liver by the tumor could 
not be excluded (Fig. 2.4). 

On February 23, 1967, a right nephrectomy 
was performed which resulted in the removal of 


ANS 
DD ? 


Fic. 2. Case 11. Boy, age 16 months, with large right 
intrarenal mass. (4) Au!95 liver scan demonstrates 
an area of decreased uptake along the inferior 
margin of the right hepatic lobe. (B) A repeat 
Au??? liver scan 5 days following removal of a 
right Wilms’ tumor shows normal hepatic appear- 
ance. At laparotomy, the mass was compressing 
the liver but showed no evidence of invading it or 
of metastases. 


a well encapsulated tumor. The microscopic 
examination revealed Wilms’ tumor. No liver 
Invasion or metastases were evident. 

A repeat Au! liver scan on February 27 
1967, showed return of the hepatic configura 
tion to normal (Fig. 2). 














A 
11-3-66 
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B 
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Vic. 3. Case uir. Girl, age 23 years. (4) Preoperative 
Au!’ liver scan, anteroposterior view, with ap- 
parent replacement of the right hepatic lobe. 
Clinically, a large right renal mass was present. 
Arrow indicates the xiphoid process. (B) Right 
lateral view of the same scan, with large posterior 
defect impressing upon liver parenchyma. Lapa- 
rotomy revealed a large right sided Wilms’ tumor 
displacing the liver to the left and compressing it 
anteriorly. No hepatic invasion or metastases 
were found. 


Case ur. D. D., a 21 year old Caucasian 
female was admitted November 2, 1966, to the 
Children's Hospital Medical Center following 
6 months of poor appetite, intermittent fever 
and weight gain. One month prior to the ad- 
mission the mother had noted abdominal dis- 
tention, and 5 days before admission the pa- 
tient had one episode of gross hematuria. 

On admission, the abdomen was distended 
without discernible tenderness. A firm, slightly 
nodular mass was palpated in the right abdo- 
men down to the umbilicus and across the 


K. E. Fellows, Jr. and M. Tefft 


NOVEMBER, 1968 


midline. Laboratory studies were normal except 
for a hematocrit of 23 per cent, white blood cell 
count of 15,600 and a urine albumin of 1.7 per 
cent. Liver function tests revealed only an 
elevated lactic dehydrogenase (3§8 units, nor- 
mal 40-92 units). Intravenous pyelography 
showed caudal displacement of the right kidney 
and distortion of the right renal collecting 
system. 

A liver scan on November 3, 1966, was 1n- 
terpreted as possible metastatic disease re- 
placing the right lobe of liver (Fig. 3, 4 and B). 

Laparotomy was performed. An encapsulated 
tumor was removed from the right renal fossa. 
No liver invasion was seen and no hepatic 
nodules were detected. The liver was com- 
pressed and displaced to the left by the large 
renal mass. The gross and histologic diagnosis 
was Wilms’ tumor. On the same day, treat- 
ment which combined chemotherapy and ir- 
radiation to the right abdomen was instituted. 

A repeat scan postoperatively (November 
10, 1966) was normal in appearance (Fig. 4). 
At the time of discharge no masses were pal- 
pable and the liver function tests were normal. 


DISCUSSION 


The scanning literature containing refer- 
ence to the displacement of liver by extrin- 


sic masses is not abundant. In adults 
O'Donnell described two abdominal 


masses, one a right adrenal cyst and the 





Fic. 4. Case ir. Au! liver scan in the immediate 
postoperative period shows return of normal 
configuration after removal of the right renal 
mass. Arrow indicates the xiphoid process. 
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other a right retroperitoneal liposarcoma 
which could not be differentiated from in- 
trahepatic tumor on the Au??? liver scan. 
Nagler ef al. reported a case with a small 
defect in the inferior edge of the right he- 
patic lobe produced by a right sided kidney 
tumor, also in an adult. Deformities in 
adult liver scans have been attributed to 
subphrenic abscess, tension hydrothorax 
and voluminous ascites by Bonte e£ a/.? and 
to a right pleural mesothelioma and a 
splenic cyst by Friedell e 47? In none of 
these cases did it appear that there was a 
question of metastatic disease from a 
known abdominal mass. 

Even less had been written about liver 
scanning in children.? The cases reported 
here illustrate that profound changes in the 
hepatoscan can be produced by the pres- 
sure of an intra-abdominal malignancy in 
children. Examination of the liver at lapa- 
rotomy in each case showed the defects on 
the respective liver scans to be caused by 
the pressure of an adjacent tumor, rather 
than by metastatic disease, as had been the 
preoperative interpretation. Lateral hepat- 
oscans likewise did not indicate the true 
nature of the pathology. 

Although the exact cause of the localized, 
diminished isotopic uptake 1s not known, 
several assumptions might be made: (1) 
the pressure by the tumor produced de- 
creased cellular function in the adjacent 
hepatic parenchyma; (2) the vasculature in 
the localized part was compromised by 
tumor pressure; (3) the liver parenchyma 
was simply compressed anteriorly and me- 
dially by the mass. The latter seems the 
more likely mechanism involved, although 
all three may play a role. 

The phenomenon of liver distortion by 
extrinsic tumor may prove to be more com- 
mon in children, where abdominal masses 
are often larger in proportion to the total 
abdominal volume, thereby facilitating 
liver compression. This may become more 
apparent as experience with liver scanning 
increases, both in adults and children. It is 
already apparent from the cases presented 
here, and from references in the adult liter- 
ature, that masses arising high in the right 
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side of the abdomen have accounted for 
most of the liver scan defects so far ascribed 
to extrahepatic causes. 


SUMMARY 


Three cases are reported of children with 
abdominal masses who were thought to 
have liver metastases on Áu!?? hepatoscans, 
but who, after surgery, were found to have 
extensive compression without evidence of 
parenchymal invasion or metastases. The 
importance of appreciating that abdomi- 
nal masses can produce changes that mimic 
metastatic disease is obvious in consider- 
ing the treatment and prognosis in these 
cases. | 


Melvin Tefft, M.D. 
Department of Radiology 
The Children's Hospital 
Medical Center 

300 Longwood Avenue 
Boston, Massachusetts 02115 
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REDUCTION OF RESPIRATORY ARTIFACT IN 
SCINTILLATION SCANNING* 


By H. L. ATKINS, M.D.,f W. HAUSER, M.D.,tf and P. RICHARDS, B.S.{ 


UPTON, NEW YORK 


HE use of newer radionuclides such as 

technetium ggm for visualization of 
body organs with a rectilinear scanner re- 
quires rapid movement of the detector for 
optimum utilization of the high photon 
flux available. However, with rapid scan- 
ning movements any artifacts due to respir- 
atory motion, as encountered in liver 
scanning, are greatly accentuated, placing 
a limitation on the maximum speed.‘ Sev- 
eral methods have been used to reduce 
respiratory excursions, such as abdominal 
binders and vagus blocks," but these are 
either ineffective or undesirable. 

We have found two efficacious methods 
of diminishing the effects of respiratory mo- 
tion. These are by data blending! (Fig. 1), 
and by a system of multiple overlapping, 
utilizing large light spots with extremely 
small increments of line spacing.? In es- 
sence, the second method is very similar to 
the first, since, in data blending, the con- 
tribution of density to any one point comes 
from several lines above and below that 
point. In neither method do we use any 
contrast enhancement, thus avoiding any 
degradation of the image due to a rate- 
meter time constant lag with sudden 
changes in count rate. 

Since the two methods essentially em- 
ploy the same principle, we shall primarily 
discuss quantitation of reduction of the 
respiratory artifact with the second method, 
multiple overlapping, employing a system 
previously described." 


METHOD 


The Siemens star phantom? was used to 
obtain an index of resolution by determin- 
ing the highest frequency and hence the 


smallest diameter which could reason- 
ably be seen by inspection of the resultant 
scan. The phantom, filled with an appro- 
priate amount of technetium ggm solution, 
was placed on a platform which was driven 
in an oscillatory movement at a rate of 20 
cycles per second with an amplitude of 1.5 
cm. 

Scannings were performed with a 5 inch 
diameter crystal scanner, utilizing a 0.5 
Xo.6 cm. photorecording light spot and a 
1,507 hole broad focus collimator with an 
8.7 mm. field of view at the 5o per cent 
isoresponse level at the 4-5/8 inch focus. 
'The basic counting statistics over the area 
of maximum activity were 2,000 counts/ 
cm. with a line spacing of 0.6 cm. (3,333 
counts/cm.:) and a speed of 40 cm./min. 
Subsequent scannings were performed 
with line spacings of 0.3, 0.15 and 0.075 
cm. and scanning speeds of 80, 160 and 320 
cm./min., respectively. The over-all time 
to perform the scanning remained constant. 
These were then compared to a scan of the 
stationary phantom. Assessment of maxi- 
mum frequency visualized was made by 
inspection with notation of that point at 
which separation of the rays of the sunburst 
pattern disappeared. This was done at 
positions perpendicular, parallel and at 
45° to the direction of motion of the phan- 
tom. The frequency represented by this 
distance from the origin was calculated and 
the object size equivalent to this frequency 
was determined by the relationship dem. = 
1 /avcm.-!, where d= diameter of object. 


RESULTS 


Scans of the phantom obtained during 
the simulated respiratory motion and when 


* From the Medical Research Center and the Hot Laboratory, Nuclear Engineering Division, Brookhaven National Laboratory, 


Upton, Long Island, New York. 
Research supported by the U.S. Atomic Energy Commission. 
t Medical Research Center, Brookhaven National Laboratory. 


t Hot Laboratory, Nuclear Engineering Division, Brookhaven National Laboratory. 
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l'1G. 1. Comparison of liver scans on the same patient utilizing (4) a data-blending technique and (B) a con 


ventional technique. Note severe respiratory motion artif 


act in B. The scanning speed was 140 cm./min. 


for the conventional scan with a line spacing of 0.3 cm. For the blended scan a speed of 448 cm./min. at ; 


line spacing of 0.15 cm. was used. 


stationary are shown in Figures 2 and 5. 
There is obviously a severe degradation of 
the image when the phantom is in motion. 
When successively smaller increments of 
line spacing are used, there is a gradual im- 
provement in appearance of the scan, and 
in appreciation of high frequency compo- 
nents (7.e., smaller objects) despite propor- 
tionate increases in scanning speed. Figure 
4 indicates the relationship of resolution to 
line spacing. Although there is still a large 
loss in resolution compared to the scan ob- 
tained of the stationary phantom, consid- 





erable improvement is noted utilizing the 
0.075 cm. line spacing. It is of interest to 
note the increase in resolution at a line 
spacing of 0.075 cm. compared to the sta. 
tionary phantom at 45° and parallel to the 
direction of motion. 


DISCUSSION 


Despite the advent of rapid imaging de. 
vices which do not require a scanning mo 
tion, the rectilinear radionuclide scanner 
is still in widespread use and is likely to re- 
main so for some time to come. This tvpe 
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lic. 2. Scans of the Siemens star phantom with no motion (4) and simulated respiratory motion (B). The 
scan speed was 40 cm./min. with a line spacing of 0.6 cm. A 0.5 Xo.6 cm. photorecording light spot was 


used for both scans. 


684 


H. L. Atkins, W. Hauser and P. Richards 


NoveMBER, 1968 





l'1G. 3. Scans of the Siemens star phantom in motion utilizing the 0.5 X0.6 cm. photorecording light spot and 
line spacing of 0.3 cm. (4), 0.15 cm. (B) and 0.075 cm. (C). Note improvement in appearance of scan as 
the line spacing is successively narrowed. 


of scanner with focused collimators has 
definite advantages despite its relative in- 
efficiency compared to camera devices. In 
order to fully utilize the advantages of 
short-lived radionuclides, rapid scanning 
motion must be employed. 

We feel that the artifact due to respira- 
tory motion can be overcome to a fairly 
major extent by utilization of either data 
blending or multiple overlapping of photo- 
recording by employing small increments 
of line spacing with appropriately large 
photorecording light spots. Although the 
loss in resolution is not completely over- 
come by these methods, particularly in a 
direction perpendicular to the respiratory 
motion, a substantial improvement can be 





| l l E —  — — 


LIGHT SPOT 0.5 x 0.6 cm 
MOTION 1.5 cm AT 20/min 











= 1.6 PERPENDICULAR] 

so P 4 

u le i3 

x aes a 

w 

xi "E PARALLEL 7 

ul }STATIONARY 7 

mM 

e 0,4 4 
a | 


0.075 0.15 0.30 


LINE SPACING (cm) 


Fic. 4. Relation of line spacing to resolution, utilizing 
a 0.5 X0.6 cm. photorecording light spot. Resolu- 
tion perceived in Siemens star phantom. 


noted. The improvement is even greater 
with a larger light spot (0.75 X0.75 cm.) 
which we now use routinely for liver and 
brain scans in comparison to scans ob- 
tained with the 0.5 X0.6 cm. spot. 

With a stationary rapid imaging device 
and large amounts of radioactivity, it may 
be possible to obtain organ visualization 
while the patient holds his breath. This 
will obviously give the best resolution, pro- 
vided the device itself has adequate inher- 
ent resolution. 


SUMMARY 


Optimum utilization of high-flux scan- 
ning with short half-lived radionuclides can 
be obtained with reduction in respiratory 
artifact. This is achieved through the use 
of data blending or of multiple overlapping 
during photorecording, utilizing small in- 
crements of line spacing. 


Harold L. Atkins, M.D. 

Medical Physics Division 
Brookhaven National Laboratory 
Upton, Long Island, New York 11973 
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PRACTICAL INFERENCES FROM STUDIES WITH 
A “BREATHING” LIVER PHANTOM 


By HOWARD R. STEWART, M.D.,* and EDWARD B. BEST, M.D.T 


TEMPLE, TEXAS 


"ERE purpose of this report 1s to present 
a simple and inexpensive method for 
studying the effects of respiratory motion 
on radioisotope scans of the liver and to 
correlate this effect with the size of "cold" 
nodules which can be detected in various 
portions of the liver. Respiratory excursion 
of the diaphragm is minimal in some pa- 
tients and therefore does not atfect the out- 
line of the liver during scanning, whereas in 
others significant respiratory excursion 
combined with the rectilinear motion of a 
scanner causes defects in the superior and 
inferior margins of the liver somewhat re- 
sembling a picket fence (Fig. 1). This 
phenomenon has been observed by others 
and has been attributed to statistical varia- 
tions in the thinner portions of the liver, or, 
at least partially, to the effects of respira- 
tion.! The recognition of these marginal de- 
fects is of considerable importance because 
they may be erroneously interpreted as 
tumor nodules. 


CONSTRUCTION OF THE PHANTOM 


The equipment needed to construct a 
liver phantom capable of simulating the 
motion of the human liver is readily avail- 
able in most radioisotope laboratories and 
radiology departments. The necessary com- 
ponents are a container which simulates 
shape and volume of the liver, a rack to re- 
tain this container, and a means for impart- 
ing motion to this arrangement. The latter 
requirement is served by an Eberbach 
Water-Bath Shaker, an instrument in com- 
mon use for mixing and incubating blood 
samples. 

Our liver phantom was constructed from 
a plastic container which formerly held 
processing solution for radiographic films. 
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Vic. 1. Photoscan of an actual liver with inden- 
tations evident along the superior and inferior 
margins. 


One corner was removed, and the interior 
was shaped with paraffin-mineral oil mix- 
ture to resemble the contour of a normal 
liver. A built-in feature of this container is a 
shelf near the handle which makes a con- 
venient “liver notch" or porta hepatis as 
well as a posterior surface for the shallower 
left lobe. From this shelf, a gradually slop- 
ing floor of paraffin was fashioned, thus 
simulating the gradually increasing depth 
of the right lobe of the liver from its medial 
to its lateral aspect. The radioisotopic solu- 
tion was added until depths of 10 cm. were 
achieved in the most lateral portion of the 
"right lobe" and 5 cm. in the region of the 
“left lobe." These features are illustrated in 
Figure 2, and the dimensions approximate 
the average adult liver. 

A wooden rack was constructed to secure 
the phantom, and the phantom and rack 
were placed on the platform of the shaker- 
bath. The speed control of the shaker-bath 
may be adjusted to any desired "respira- 
tory" rate with a maximum amplitude of 3 
cm. of longitudinal travel, which we feel 


* Former Resident in Radiology, Scott and White Memorial Hospital and Scott, Sherwood, and Brindley Foundation, Temple, 
Texas. Present Address: Department of Radiology, Methodist Hospital, Lubbock, Texas. 
t Staff Member, Department of Radiology and Radioactive Isotopes, Scott and White Memorial Hospital, Temple, Texas. 
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should approach the upper limit of dia- 
phragmatic excursion. The selected rate 
was I2 per minute. The entire apparatus in 
position for scanning is shown in Figure 3. 


TECHNIQUE FOR SCANNING 


All scannings of the phantom were per- 
formed to simulate the clinical scanning 
technique as closely as possible. In our 
laboratory, liver scanning is accomplished 
with the 19 hole collimator emploved in 
this study. With the phantom in position 
under the detector, Au!*5 colloid was added 
to the water in the phantom until a count 
rate of 12,000 cpm was achieved. This 
corresponds with the count rate encoun- 
tered in actual practice in which a rate of 
12,000 to 16,000 cpm is achieved with a 
dose of 3 uc per kg. of body weight. The 
quantity of Au!** used in the phantom also 
correlated with the dosage for patients be- 
cause the amount added to the phantom 
did not exceed 200 uc. Additional technical 
factors included a scanning speed of 45 
cm. per minute, both single and double 
line spacing, and a time constant of o.2 
seconds. All scans were recorded on paper 
(dot scan) and on radiographic film (photo- 
scan). The photoscan was used in all in- 
terpretations. 


THE PICKET FENCE EFFECT 


To study the effect of motion on the 
margins of the phantom, scannings first 
were performed on the stationary phantom 





l'1G. 2. A schematic cut-away view of the 
interior of the phantom. 


"Breathing" Liver Phantom 





l'1G. 3. View of the phantom in position 
for scanning. 


and repeated with the phantom moving at 
a rate of I2 excursions per minute (Fig. 
441). The suppression of the photoscanning 
circuit was set at 50 per cent, which is the 
same as that used clinically. Marginal Irreg. 
ularities were not noted on the photo. 
scans of the motionless phantom. However. 
when the photoscan of the moving phan. 
tom was compared with that of a patient, 
the changes at the margins were very simi- 
lar, although more pronounced (Fig. 45). 
As a correlative study, 406 liver scannings 
performed during 1964 and 1965 were re. 
viewed, and 94 exhibited these changes at 
the margins of the liver with the indenta. 
tions ranging from 2.0 to 3.0 cm. in depth; 
63 of these patients were men and 29 were 
women. Therefore, these changes are pro- 
posed as a direct result of the vertical res. 
piratory motion of the liver and the trans. 
verse linear motion of the detector. 
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Fic. 4. (4) Scan of phantom without motion. 
(B) Scan of phantom with "respiratory rate" of 
12 per minute. 


EFFECT OF MOTION ON DETECTION 
OF NODULES 


To simulate "cold" nodules within the 
liver, round Christmas tree ornaments with 
diameters of 1.5, 2.5, 3, 4, 5, and 6 cm. were 
filled with wax and sufficient lead shavings 
to allow them to sink in the solution. They 
were suspended in the phantom at multiple 
depths varying from immediately beneath 
the surface to the bottom of the container. 
The position of the cold nodule in each 
scanning series was changed successively 
from the deep to the shallow portion of the 
phantom at 2 cm. intervals so as to evaluate 
each nodule in all locations. 

The counting rate differential between 
the nodule and the adjacent "liver" was 
recorded for each location, and scannings 
were performed with the phantom motion- 
less and in motion. The nodules capable of 
being detected during motion consistently 
exhibited a decrease in counting rate of 20 
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per cent or more while subtended under the 
collimator with the phantom and detector 
motionless. As might be expected, with the 
phantom and detector in motion, it was 
impossible to accurately determine the 
brief decrease in counting rate over the 
nodule due to the rapid fluctuation of the 
rate meter. However, in those nodules 
delineated by the photoscan, the decrease 
in counting rate as the detector moved over 
the nodule was often as little as 10 per cent, 
as noted visually. 

The results of our study indicate that, 
using the technical factors described and a 
so per cent suppression level, the smallest 
lesion which can be detected in the thinner 
“left lobe" during motion is 2.5 cm. This 
2.5 cm. nodule can be detected motionless 
in the anterior portion of the deep area or 
“right lobe" of the phantom, but it cannot 
be resolved when motion is added. The 
same relationship is true of a nodule 3 cm. 
in diameter (Fig. 5, 7-D). While suppres- 
sion levels greater than 50 per cent may 
allow smaller lesions to be demonstrated in 
each location, the resulting distortion of 
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cm. nodule barely submerged at 
3 cm. nodule 


Fics v (A) BS 
liver notch, not in motion. (B) The 
is barely submerged in deepest portion of phantom 
(right lobe), not in motion. (C and D) Same areas 
in motion with 3 cm. nodule no longer resolved. 
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l'1G. 6. A 4 cm. nodule barely submerged in deepest portion of phantom. (4) 


liver configuration and size becomes pro- 
hibitive. Therefore, at 50 per cent suppres- 
sion, a nodule in motion at the anterior 
aspect of the "right lobe" area of the phan- 
tom must be at least 4 cm. in diameter to be 
detected (Fig. 6, 4 and D). For lesions in 
the posterior aspect of the “right lobe," a 4 
cm. nodule is detectable, but, for definite 
resolution, the nodule must be at least 5 
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Not in motion. ( B) [n motion. 


cm. in diameter when scanning is per- 
formed from the anterior aspect of the liver 


(Fig. 7, ALI. 
DISCUSSION 


If the human liver remained motionless 
during the procedure, detection of non. 
functioning tissue with rectilinear scanning 
techniques. would be greatly simplified. 
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7- A 4 cm. nodule resting at bottom of deepest portion of phantom. (4) 
(C and D) Same as 4 and B, but nodule is 
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5 cm. in diameter. 
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iG. 8. Longitudinal section of a 
focusing collimator. 


However, motion is present, and the colli- 
mated detector passing over a moving 
hepatic nodule allows only a brief decrease 
in the counting rate, often as little as 10 
per cent. If a 10 per cent differential in 
count rate is to be demonstrated reliably 
for clinical purposes, then the observed 
counting rate must be increased or the 
difference in rate must be enhanced sub- 
stantially until the difference becomes sig- 
nificant. This can be accomplished in 4 
ways: (1) by using a slower scanning speed; 
(2) by using increasing increments of sup- 
pression or cut-off level, thereby artificially 
emphasizing small differences in counting 
rates; (3) by giving a larger dose of isotope; 
or (4) by using a more efficient detector. 
The first two factors have been controllable 
for some time and, with the advent of 
shorter-lived radionuclides such as tech- 
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netium ggm, a much larger dose can now be 
given without undue exposure to the pa- 
tient. While more efficient detectors are 
available, this study pertains only to the 
more commonly used rectilinear scanners 
with 3 inch crystals. 

'The question arises, why should motion 
affect both sensitivity and resolution? 
Scanning is not only a mapping procedure; 
it is also a physical measurement of the 
distribution of radioactivity in an organ.” 
Accuracy requires that enough counts be 
obtained from each area to insure statistical 
reliability; yet, good definition demands 
that only one small area be observed and 
recorded at any one time. Consequently, 
each area must be measured for a longer 
period or must contain a greater amount of 
radioactivity. Through work with gamma 
point sources, it has been found that the 
counting rate will increase in proportion to 
the square of the diameter of the crystal. 
However, even if a larger crystal 1s used, 
radioactivity can be detected in only one 
small area at a time because of collima- 
tion.’ A longitudinal section of a focusing 
colimator further illustrates these fea- 
tures? (Fig. 8). The focal length of the colli- 
mator is at distance "f" and denotes the 
point of convergence of the walls of the 
collimator holes. The limit of the field of 
view intersects in the plane perpendicular 
to the long axis “O” in a circle. If this plane 
is taken at the focal length of the colli- 
mator, it is said to be in focus and is called 
the optical circle of resolution, the radius of 
which is represented by “R”. For our 19 
hole collimator, the diameter of this circle 
is only 2.3 cm. 

From this information and if a counting 
situation exists which satisfies statistical 
requirements, a "cold" nodule so placed in 
a motionless phantom that the nodule oc- 
cupies the center of the optical circle and is 
at the focal length of the collimator, then 
the nodule should be detected. However, if 
the same nodule is in motion, the angle it 
subtends under the collimator will be 
changing constantly, and such a geometric 
change surely will affect the counting rate, 
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and, thereby, affect the efficiency. of the 
detector. At one instant, the collimator 
might be focused on the nodule, and, at the 
next, it might be focused on the adjacent 
tissue containing the radioisotope. There- 
fore, a nodule may have to be of such size 
that a portion of it, perhaps all of it, re- 
mains in the plane of interest during the re- 
spiratory excursion of the liver. 

Wagner eż a]? have asked the question, 
"How big does a lesion have to be in order 
to be detected?" They conclude that this 
depends on 3 factors: (1) the size of the 
lesion; (2) the thickness of the liver in the 
region of the lesion; and (3) how deeply the 
lesion lies inside the liver. It is our opinion 
that the factors of motion as well as the 
efficiency of the particular scanning device 
being used should also be included. 


SUMMARY 


A simple and inexpensive liver phantom 
capable of simulating respiratory motion 
was constructed from materials readily 
available in most radioisotope laboratories 
and radiology departments. The effects of 
motion on liver scanning were studied 
simulating conditions in the adult human 
as Closely as possible in regards to technical 
and physical factors as well as the type of 
radionuclide and dosage used. It is felt that 
these studies have shown: (1) that the in- 
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dentations (picket fence effect) noted at the 
margins of the liver are due to the com- 
bined effects of respiratory movement of 
the liver and rectilinear movement of the 
conventional scanner; (2) that counting 
rates and thereby the efficiency of the 
detector are affected by this motion; and 
(3) that the smallest nodule detectable in a 
motionless phantom will not be seen at all 
when a motion similar to human 
phragmatic excursion is added. 


dia- 


Howard R. Stewart, M.D. 
Department of Radiology 
Methodist Hospital 

3615 19th Street 
Lubbock, Texas 79410 
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SUBMAXILLARY SIALOGRAPHY IN COMBINATION 
WITH PNEUMORADIOGRAPHY 
AND TOMOGRAPHY* 


By FRANCESCO G. GRANONE and GIOVANNI JULIANI 


TORINO, ITALY 


IALOGRAPHY of the submaxillary 

glands by injection of an opaque sub- 
stance into the gland ducts was first sug- 
gested by Barsony in 1925. Numerous 
papers, including some of recent date^^ 
have testified to its usefulness and have 
shown that changes in the secretory canalic- 
uli provide extremely accurate diagnostic 
indices. 

The submaxillary glands have also been 
studied pneumoradiographically.^* O» or 
CO, is insufflated into the submandibular 
spaces either directly (by intra-oral per- 
mylohyoid or transcutaneous puncture) or 
indirectly (by median subhyoid puncture). 
Tomograms aid in accentuating small dif- 
ferences in contrast and give a clearer pic- 
ture of the edges of the gland. 

Scintigraphy, first with I?' and then 
with Tc??» has also been used, but an ex- 
amination of the pictures so far published 
shows that this method has not proved 
superior to the others. 

[n the present investigation, we com- 
bined opaque sialography and pneumoradi- 
ography. Tomograms were also taken. 
This method gave a clear picture of the 
edges of the submandibular glands as well 
as good visualization of the salivary canalic- 
uli. 


METHOD 


'The patient is placed in a supine position 
on the tomographic table, with his head 
extended. The submandibular space is 
reached via a thin needle inserted into the 
mucosa of the floor of the mouth at the 
seventh lower tooth and directed down- 
wards and backwards through the mylohy- 
oid muscle to penetrate the inner surface 
of the mandible. It may also be introduced 





Fic. 1. (4 and B) Pneumotomography and opaque 
sialography in 2 normal subjects. Anteroposterior 
projections. 


in the laterocervical area at a point on the 
cervical extension of the anterior marginal 
line of the masseter muscle, and 2-3 cm. 
below the lower edge of the mandible, so 
as to pass through the skin, subcutaneous 
tissue, platysma and superficial fascia of 
the neck. Median subhyoid puncture was 
not employed. 

One cm.’ of 1 per cent novocaine is in- 
jected to fold back the periglandular tissue, 


* From the Institute of Radiology of the University (Director: Prof. E. Benassi), Torino, Italy. 
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separate the gland from the tip of the 
needle, and to induce anesthesia; 70-80 
cm.? of O, per submandibular space is then 
injected using a controlled pressure appara- 
tus. 

Roentgenograms are taken to check the 
satisfactory distribution of the gas in the 
periglandular space. The submandibular 
ducts are then catheterized at the frenu- 
lum linguae and the secretory canaliculi 
opacified with Lipiodol U. F. 

Roentgenograms and tomograms are 
taken in both frontal and lateral projections. 
Linear, or better still, multidirectional 
tomography is employed. The frontal 
planes are of greater use in comparing the 
2 submaxillary glands and are equivalent, 
in the axial projection, to the plane of the 
lower edge of the mandible and to the two 
immediately adjacent planes (upper and 
lower, 0.75-1 cm. apart). Anteroposterior 
or posteroanterior frontal projections can 
also be used with the patient supine or 
prone, as the case may be, and with the 
head extended. 

Exposure data must be suitably deter- 
mined to avoid excessive darkening of the 
roentgenograms. 


ANATOMIC FINDINGS 


In the anteroposterior projection (Fig. 
1, 4 and B), the submandibular cavity is 
usually distended by the gas and presents 
a transparent triangle with its apex point- 
ing downwards and its base at the inner 
edge of the mandible. The lower part of the 
triangle has two striations; the lateral more 
transparent than the medial, caused by 
shadows of the paravertebral soft parts. 

The superointernal angle is taken up by 
the opaque parenchyma of the gland, 
which may be roundish, ellipsoid or trian- 
gular with rounded corners. The distribu- 
tion of the secretory canaliculi can easily 
be made out within the gland. With our 
combined method, the hilus can always be 
visualized; this is often impossible when 
only pneumotomography is employed. 

When sclerosis or periglandular neo- 
plastic or inflammatory infiltration. are 


Submaxillary Sialography 
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Fic. 2. Pneumotomography and opaque sialography 
in 1 normal subject. Axial projection. 


Fic. 3. (4 and B) Pneumotomography and opaque 
sialography in 2 normal subjects. Lateral projec- 
tions. 
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lic. 4. Right laterocervical tuberculous lymph- 
adenopathy. (4 and B) Pneumotomography and 
sialography. The gas is unevenly distributed in the 
submandibular space. The submaxillary gland 1s 
displaced medially downwards. 


not present, the gland surface 1s well de- 
fined by the gas. Tomograms show a 
smooth regular surface, sometimes broken 
by notches corresponding to interlobar 
furrows; the latter are readily recognizable 
by their fine, regular course and their sym- 
metry with their counterparts in the other 
gland. 

In the axial and lateral projections, the 
striations appear less intense. In the former 
projection, the gland extends posteriorly 
to the last molar and is delimited laterally 
by the lower part of the ramus of the man- 


Francesco G. Granone and Giovanni Juliani 


NoveMBER, 1968 


dible. It is of oval shape and its major axis 
points to the median interincisor space 
(Fig. 2). In the lateral projection, the 
gland surface appears more extensive and 
its shape is approximately triangular, oval 
or rectangular; the edges display varying 
degrees of lobulation (Fig. 3, Æ and P. 


PATHOLOGIC FINDINGS 


We combined pneumotomography and 
opaque sialography in 32 patients. In some 
cases, integration of the data enabled diag- 
nostic conclusions to be drawn that would 
have been impossible if either technique 
had been used alone. 

Figure 4, 4 and B shows, for example, 
the results obtained in a case of laterocervi- 
cal lymph node tuberculosis; the gas has 
spread into the submandibular space in an 
irregular fashion in the form of different- 
sized bubbles. The outline of the gland 1s 
not sharply defined; the arrangement of 
the secretory canaliculi, however, points 
to the backward shifting of the gland tis- 
sue under pressure from the tuberculous 
lymph node. 

A similar picture is seen in Figure 5; the 
edges of the right submaxillary gland are 
not defined bv the gas, and medial com- 
pression. due to a lymphosarcomatous 
lymph node is clearly indicated by the 
course of the canaliculi. 





Fic. c. Right laterocervical lymphosarcoma. Medial 
compression of the submaxillary gland. Irregular 
diffusion of gas in the submandibular space. 


Vor. 104, No. 3 


Submaxillary Sialography 


694 





lic. 6. (4 and B) Wharton's duct lithiasis. Dilatation of the canaliculi; sclerosis has led to a 
decrease in submaxillary gland size. 


Typical roentgenograms are also ob- 
tained in lithiasis of Wharton's ducts; di- 
latation of the canaliculi due to obstructed 





salivary flow is plainly shown by opaque 
sialography (Fig. 6, 4 and B) and sclerosis- 
induced reduction in gland size is amply 
documented by pneumotomography. In 
a second case (Fig. 7, 4 and B), the duct 
is occluded by a calculus, and retention of 
saliva has brought about an increase in 
gland size. 


CONCLUSIONS 


The combination of pneumotomograph: 
and submaxillary sialography is well toler- 
ated, carries no risk to the patient, and is 
easy to perform. 

Visualization of the periglandular space 
gives precise definition of infiltrations of 
the submandibular space and enables vari- 
ations in gland size to be determined. 

Periglandular gas diffusion and secretory 
canaliculi visualization data are sometimes 
of reciprocal assistance in the formulation 
of diagnostic conclusions that would not 
otherwise be possible. 


lic. 7. (4 and B) Calculus occluding Wharton’s 
duct. Retention of saliva has caused swelling of thi 
submaxillary gland. 
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SUMMARY 


Conventional submaxillary sialography 
was combined with direct insufflation of 
O, into the submandibular space and 
pneumotomography in 32 patients. Si- 
multaneous opacification of the secretory 
canaliculi and visualization of the edges of 
the gland was obtained. Tomograms fur- 
ther improved the results of the study. 

The findings in normal subjects, in later- 
ocervical lymphadenopathy (tuberculous 
and metastatic) cases, and in patients with 
Wharton’s duct lithiasis are discussed and 
illustrated. 


Giovanni Juliani, M.D. 

Istituto di Radiologia 
dell’ Universita 

Via Genova, 3 

10126—Torino, Italy 
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TWELFTH INTERNATIONAL CONGRESS 
OF RADIOLOGY 


Ie Kempo TsukAMoro, President-Elect 
of the Twelfth International Congress 
of Radiology, on behalf of the Radiologists 
and Radiological Scientists of Japan, ex- 
tends a most cordial invitation to the 
Radiologists the world over to participate 
in the Congress. 

'The Congress will be held at the beauti- 
ful ultramodern New Otani Hotel, and 
another nearby Hotel, Tokyo, Japan, Octo- 
ber 6-11, 1969, and will be preceded by 
meetings of the International Commissions, 
the International Executive Committee, 
and the International Committee. 

The Scientific Exhibition and the Tech- 
nical Exhibition of the Congress will be 
held in the Tokyo International Trade 
Center. A free Loop bus service will be 
operated between the Hotel New Otani 
and the Tokyo International Trade Center. 

Social events such as receptions will be 
arranged during the Congress and details 
will be given later. The Ladies’ Programme 
Committee also will organize a number of 
social events for Social Members. 

The most dificult problem is the lan- 
guage barrier. The official languages of the 
Congress are English, German, French and 
Spanish. Japanese will also be used. How- 
ever, in most of the Asiatic Countries, 1n- 
cluding Japan, English is the most widely 
used of the European languages. For this 
reason it is recommended that the English 
language be used for the presentation of 
the paper, so that most of the audience can 
understand it. This language will be also 
used for further announcements and com- 
munications concerning the Congress. Cor- 
respondence can be made in any of the 
official languages. 

The National Board of Management of 


the Twelfth International Congress of 
Radiology appointed the Japan Travel 
Bureau as the registered official travel 
agent to handle necessary arrangements in 
regard to traveling and hotel reservations. 
Also, the National Board of Management 
of the Congress gave instructions to the 
Japan Travel Bureau to confirm bookings 
directly to those who made reservations 
through the agent. 

Those who made accommodation reser- 
vations through an agent other than the 
Japan Travel Bureau are requested to 
notify this fact duly to the following ad- 
dress: Japan Travel Bureau, International 
Convention Section, Foreign Tourist De- 
partment, 1—1, Marunouchi, Chiyoda-ku, 
Tokyo. Details concerning hotel reserva- 
tions will be announced by the Japan 
Travel Bureau in November, 1968. Appli- 
cation for hotel reservations should be sub- 
mitted not later than June 30, 1969. 

It is requested that those who wish to 
attend the Twelfth International Congress 
of Radiology should complete Form 1 and 
forward it with the enrollment fee in U. 5. 
dollars by return mail to the Secretary- 
General of the Congress: Dr. Tadashi 
Adachi, Secretary-General, The Twelfth In- 
ternational Congress of Radiology, Tokyo 
Medical and Dental University, School of 
Medicine, C.P.O. Box 1910, Tokyo, Japan. 

The enrollment fees are, if remitted not 
later than December 31, 1968: Regular 
Members, U. S. $60.00; Technical Mem- 
bers, U. S. $40.00; Social Members, U. 5. 
$40.00. If remitted after January 1, 1969, 
they are: Regular Members, U. S. $80.00; 
Technical Members, U. S. $50.00; Social 
Members, U. S. $50.00. 

The Delegation of the United States to 
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the Twelfth International 
Radiology is composed as follows: The 
American College of Radiology, Earl E. 
Barth, M.D., Delegate, Robert D. Moseley, 
Ir. M.D., Alternate Delegate; The sane 
can Rechiven Ray Society, Tames C. Cook, 
M.D., Delegate, John P. Medelman, M.D., 
Alternate Delegate; The Radote Sö- 
ciety of North America, John H. Gilmore, 
M.D., Delegate, Stanley M. Wyman, M.D., 
Alternate Delegate, Harold G. Jacobson, 
M.D., Alternate Delegate; American Rad. 
Lun Society, Juan A. del Regato, M.D., 
Delegate, Fernando G. Bloedorn, M.D., 
Alternate Delegate; American Medic al As- 
sociation, Section on Radiology, John F. 
Holt, M.D. , Delegate, Eugene L. Freitas, 
M. D., Alternate Delegate. 

The Chairman of the United States 
Delegation is Earl E. Barth, M.D. ., and the 
Vice-Chairman, Robert D. Moseley, Jr., 
M.D. 

Lee Kirkland, Group Travel Services, 
Inc, 59446 Broadw way, Kansas City, Mis- 
souri VoM has been designated by the 
American College of Radiology as the offi- 
cial Travel Agency in this country. Mr. 
Kirkland is working very closely with the 
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official travel agency of the Congress, 
Japan Travel Bureau in Tokyo. 

Every radiologist who belongs to one of 
the above mentioned five Societies in this 
country should have received the prelimi- 
nary brochure from the Secretary-General 
of the Congress (Circular No. 1). Toward 
the end of the year Circular No. 2 will be 
mailed to all radiologists throughout the 
world. 

Physicians, in particular radiologists, 
who are not nisibuis of the five P acieffes 
enumerated and who wish to attend the 
Congress, should write to Dr. Earl E. Barth, 
Chairman of the Delegation of the U nited 
States, asking for a sponsoring letter ac- 
cording to the Rules and Regulations of the 
Congress. The address of Dr. Barth is 67 70 
North Michigan Avenue, Chicago, illias 
60611. 

It is the sincere hope of President-Elect 
Kempo Tsukamoto that a visit to Japan 

“will be an enjoyable one not only in par- 
ticipating in scientific discussions at the 
Congress but also in meeting with old 
Japanese culture, thus promoting our 
mutual understanding professionally as 
well as culturally.’ 


700 Editorials NOVEMBER, 1968 








CHARLES C THOMAS 
1882-1968 


THE BANNERSTONE 


I am the scarab of the Mississippi Valley, Signet of warriors, 
The bannerstone of Stone Age chieftains, Token of proud fighting clans, 
Reflecting long-forgotten concepts For wise old mystics 
Of immortality and eternity... And ambitious Youth 

A symbol am 1 
Modeled by earliest sculptors Of authority and leadership. 
Like unto a butterfly Passport for sovereign s envoys... 
That symbolized for ancient peoples 
The perfect metamorphosts, Mighty hunters, bold voyageurs, 
Adventuring to the Sun God’s realm Fourneying into nations 
During Spring’s days, From Bering’s to Magellan’s Stratts, 
I visualized resurrection Prestige, power, and safe conduct 
For Winter’s cocoon-wrapped spirits Were assured my chosen bearers. 


Of Stone Age dead. 
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Beautiful am I! 

Lovingly carved 

From jeweled rock 

Of mottled granite, rose-blown quartz... 
Banded slate, lustrous and sparkling crystal, 
Finely polished. 

High was my place 

In potent processionals, 

In vast tribal conclaves, 
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From generation to generation 
Loyally treasured. 


Now, interred breast-high 
With silhouetted shades 
Of king-like chiefs of long-lost peoples 
Cloistered, 
I dwell in the hills eternal. 
—Charles C Thomas— 





HARLES C THOMAS died on Tues- 

day, August 13, 1968 at 86 years of age 
in Springfield, Illinois. Nearly everyone 
connected with the JounNaL has been 
familiar by personal contact with Mr. 
Thomas. His name and his office are on our 
lips day by day and year after year. Our 
subscribers also know well of the innumer- 
able books which he has published. 

There are many of our subscribers today, 
however, who did not know personally the 
dynamic man who has assisted in spreading 
the fame of the JournaL throughout the 
world. Those of us, who have been priv- 
ileged to come within the radiation of his 
charming personality and to sense his busi- 
ness acumen and his real power of discrim- 
ination and decision, can understand how, 
within the space of a very few years, he 
built up a publishing business that has 
attracted the most eminent medical and 
scientific writers and that has met the com- 
petition of the oldest and most firmly 
established Publishing Houses. 

Mr. Thomas was a man to whom it was 
hard to say “No.” His most noticeable 
quality was his earnestness; with him the 
business in hand was the most important 
thing in the world; he was not a talkative 
person, although a fascinating conversa- 
tionalist; he gave the impression of having 
thought over a matter before saying any- 
thing about it; he surprised the listener with 
the minuteness and the accuracy of his 


information. But his grasp of large issues 
and transactions was equally marked. Like 
most Southerners, Mr. Thomas never 
seemed to be in a hurry. His visits to the 
JournaL offices were always brief and 
necessarily crowded with important mat- 
ters, but he always left us with the feeling 
that we had had a personal visitor; he 
found the time to sit down comfortably and 
to chat with numbers of us. 

Such is the man whose contacts with the 
American Roentgen Ray Society began 
nearly forty years ago. Soon after he was 
out of college, he became business manager 
of the Record of Sigma Alpha Epsilon. The 
enterprise was for him a happy one and, 
when he began to consider a life work, it was 
natural that he should seek to enter the 
field of publishing. Since 1928, when his 
first book bearing the Charles C Thomas 
imprint was published, the volume and 
importance of the Thomas output has 
steadily grown. It has included some 3,500 
medical and scientific treatises and a num- 
ber of journals including our own. 

Mr. Thomas was born in Georgia and 
received his preparatory education in the 
public schools of Atlanta. His college was 
Washington and Lee University, that 
institution which has contributed so heavily 
to the educational welfare of the whole 
South. He was active in college life and won 
many student honors. He was on the track 
and tennis teams, was president respec- 
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tively of the sophomore class and the 
freshman law class, and chairman of the 
final ball. He was a member of Sigma 
Alpha Epsilon and Theta Nu Epsilon. He 
took special courses at Georgia Tech. and 
Tohns Hopkins University after graduation 
at W, & L., and was for four years track 
coach at Georgia Tech. 

He was licensed to practice law, but pre- 
ferred business. For eight years he was 
with Inman, Akers, and Inman, cotton 
merchants of Atlanta, as classer, buyer, and 
agent. For two years he was a special 
representative of American cotton and silk 
goods manufacturers investigating market- 
ing conditions in South America. 

In 1915 he was employed by the Williams 
& Wilkins Company of Baltimore to assist 
in developing a publishing department, and 
from that time to 1927 he helped to estab- 
lish many important scientific journals, be- 
coming Vice-president of the Williams & 
Wilkins Company in the meantime. 

In 1927 he established his own publishing 
house at Springfield, Illinois, devoting his 
attention chiefly to monographs, textbooks, 
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and periodicals in the fields of medicine 
and natural science. 

He married Nanette Payne, of Spring- 
field, in 1917. Their two children are 
Payne Edward Lloyd Thomas and Nann 
Hamilton Thomas, and their grandchildren 
are John Fuller Thomas, Michael Payne 
Thomas, and Peter Charles Thomas. 

Charles C Thomas, Georgia-born and 
Georgia-bred— poet, author, editor and 
above all brilliant publisher —has inscribed 
his name with golden letters in the history 
of the AMERICAN JOURNAL OF ROENTGEN- 
oLocy, Raprum THERAPY AND NUCLEAR 
Mepicine, the official organ of the Ameri- 
can Roentgen Ray Society and the Amer- 
ican Radium Society. 

This magnificent achievement, in collab- 
oration with Lawrence Reynolds, his great 
friend and illustrious contemporaneous 
Editor of this Journal for more than three 
decades, is singularly epitomized in the 
ancient words of Terentianus Maurus 
spoken in 1286, Pro captu lectoris habent sua 
fata libelli. 


Traian Leucuria, M.D. 
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NEWS 


CURRENT CONCEPTS IN DIAGNOSIS AND 
MANAGEMENT OF GENITOURINARY 
TUMORS, AND PEDIATRIC GU 
TUMOR THERAPY UPDATED 


Third Annual Radiotherapy Symposium 


The Third Annual Radiotherapy Sympo- 
sium will be held at the new Sheraton-Four 
Ambassadors on Biscayne Bay in Miami, 
Florida, January 23 through January 25, 
1969. 

This Symposium 1s jointly sponsored by 
The Division of Radiation Therapy and 
The Division of Urology of the University 
of Miami School of Medicine. 

Basic and clinical information will be 
covered and presentations of unusual cases 
will be dealt with in panels. An outstanding 
group of specialists is being assembled to 
discuss the various aspects of Genitourinary 
Tumors in the Adult and Child. 

Hotel reservations are to be made 
directly with the hotel. An early reserva- 
tion is advisable. 

For further information please contact 
Mario Vuksanovic, M.D., Director, Divi- 
sion of Radiation Therapy, Jackson Mem- 
orial Hospital, 1700 N. W. roth Avenue, 
Miami, Florida 33136. 


MIDWINTER RADIOLOGICAL CONFERENCE 
OF THE LOS ANGELES RADIO. 
LOGICAL SOCIETY 

The Los Angeles Radiological Society is 
pleased to announce its Twenty-First 
Annual Midwinter Radiological Confer- 
ence for 1969. 

It will be held February 1st and 2nd, 
1969, at the International Hotel, Los 
Angeles, California. 

The distinguished speakers will include: 
Diagnosis: G. Du Boulay, M.D., London, 
England; W. R. Eyler, M.D., Detroit, 
Michigan; R. Frieberger, M.D., New York, 
New York; and N. M. Ohlsson, M.D., 
Malmö, Sweden; Therapy: P. Rubin, M.D., 
Rochester, New York; and H. Wagner, 
M.D., Baltimore, Maryland. 


ITEMS 


Advanced Registration should be made 
through Calvin Williams, M.D., 15107 
Van Owen Street, Van Nuys, California 
91405. 

For hotel accomodations apply to Con- 
vention Manager, International Hotel, 
Los Angeles, California 90045. 

For further information please contact 
R. M. Witten, M.D., Publicity Chairman, 
2131 W. Third Street, Los Angeles, Cal- 
ifornia 90057. 


CURRENT TRENDS IN CHEST 
ROENTGENOLOGY 


Postgraduate Seminar 


The Seventh Postgraduate Seminar, 
sponsored by the Department of Radiology 
of the University of Miami School of Medi- 
cine will be presented at the Fontainebleau 
Hotel, Miami Beach, Florida, March 31- 
April 2, 1969. The Seminar 1s titled “Cur- 
rent Trends in Chest Roentgenology." 

The Director, and Chairman of the 
Scientific Program Committee, is Raymond 
E. Parks, M.D., Chairman, Department of 
Radiology, University of Miami School of 
Medicine. The Chairman of the Registra- 
tion Committee is A. Weinfeld, M.D. 

The Faculty of the University of Miami 
School of Medicine will be assisted by the 
following Guest Faculty: Benjamin Felson, 
M.D., Professor and Director, Department 
of Radiology, University of Cincinnati 
College of Medicine, Cincinnati, Ohio; 
Melvin M. Figley, M.D., Professor and 
Chairman, Department of Radiology, Uni- 
versity of Washington, Seattle, Washing- 
ton; Robert G. Fraser, M.D., Diagnostic 
Radiologist-in-Chief, Royal Victoria Hos- 
pital, Montreal, Canada; Richard H. 
Greenspan, M.D., Professor of Radiology, 
University of California School of Medi- 
cine, San Francisco, California; Eugene C. 
Klatte, M.D., Professor and Chairman, 
Department of Radiology, Vanderbilt Uni- 
versity Hospital, Nashville, Tennessee; 
J. W. Laws, M.B., F.R.C.P., F.F.R., Direc- 
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tor of Radiology, King's College Hospital, 
Denmark Hill, London; Sidney W. Nelson, 
M.D., Professor and Chairman, Depart- 
ment of Radiology, The Ohio State Univer- 
sity, Columbus, Oh1o; Charles M. Nice, Jr., 
M.D., Professor and Chairman, Depart- 
ment of Radiology, Tulane University, 
New Orleans, Louisiana; Carl Olof Oven- 
fors, M.D., Professor and Director, De- 
partment of Thoracic Radiology, Karolin- 
ska Sjukhuset, Stockholm, Sweden; Morris 
Simon, M.D., Chairman, Department of 
Radiology, Beth Isreal Hospital, Boston, 
Massachusetts; and John P. Wyatt, M.D., 
Professor and Head, Department of Path- 
ology, University of Manitoba Faculty of 
Medicine, Winnipeg, Canada. 

For further information please write to 
Mrs. L. R. Kelley, Department of Radiol- 
ogy, Jackson Memorial Hospital, Miami, 


Florida 33156. 


ISRAELI POSTGRADUATE COURSE 
IN ANGIOLOGY 

A postgraduate course on Angiology will 
be held on Tuesday, April 15, and Wednes- 
day, April 16, 1969, at the Ichilov Hospital, 
Tel-Aviv, Israel. The Course is sponsored 
by the Faculty of Continuing Medical 
Education, University of Tel-Aviv. 

The Annual Leo G. Rigler Lecture will be 
delivered by Herbert L. Abrams, M.D., 
Peter Bent Brigham Hospital, Harvard 
Medical School, Boston, as part of the 
Course. 

For further information please write to 
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S. Schorr, M.D., Professor of Radiology, 
and Dean, Tel-Aviv University, Faculty of 
Continuing Medical Education, Section of 
Diagnostic Radiology, Tel-Aviv, Israel. 


FORTY-FIRST ANNUAL MEETING OF 
THE AMERICAN SOCIETY OF 
RADIOLOGIC TECHNOLOGISTS 

This coming year the Georgia Society of 
Radiologic Technologists will have the 
honor of hosting the Forty-first Annual 
Meeting of The American Society of 
Radiologic Technologists in Atlanta, at the 
Regency Hyatt House, June 27-July 3, 
1969. 

For further information please write to 
Patricia A. Barnette, R. T. (ARRT), 
Chairman, Publicity Committee, Forty- 
first Annual Meeting of The American 
Society of Radiologic Technologists, Emory 
University Clinic, Atlanta, Georgia 30322. 


THIRD INTERNATIONAL SYMPOSIUM ON 
ULTRASONIC DIAGNOSTICS IN OPH- 
THALMOLOGY (SIDUO III) AND 
INTERNATIONAL MEETING ON 
ULTRASONIC DIAGNOSTICS 
IN MEDICINE 

This International Congress on Ultra- 
sonic Diagnostics will be held in Vienna 
from June 2 to 7, 1969. 

The deadline for submitting scientific 
contributions is December 31, 1968. 

Inquiries and registrations should be 
sent to Dr. K. Ossoinig, Wiener Medizin- 
ische Akademie, Stadiongasse 6-8, A lolo 
Vienna, Austria. 
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BOOK REVIEW 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


ILLUSTRATIVE CRANIAL NEURORADIOLOGY. By 
Alfred L. Schmitz, M.D., Associate Clinical 
Professor of Radiology, University of Cali- 
fornia at Los Angeles Medical School, Los 
Angeles; Consultant Neuroradiologist, U. S. 
Naval Hospital, San Diego; Radiologist, 
Daniel Freeman Memorial Hospital and 
Centinela Valley Community Hospital, In- 
glewood, Calif.; Samuel B. Haveson, M.D., 
Assistant Clinical Professor of Radiology, 
University of Southern California Medical 
School, Los Angeles; Consultant Radiologist, 
Los Angeles County General Hospital and 
Harbor General Hospital, Torrance; Radiolo- 
gist, St. Francis Hospital, Lynwood, Calif.; 
and Duke Hanna, M.D., Senior Neuro- 
surgeon, Daniel Freeman Memorial Hos- 
pital, Inglewood; St. John’s Hospital, Santa 
Monica; Santa Monica Hospital, Santa 
Monica; and Centinela Valley Community 
Hospital, Inglewood, Calif. Cloth. Pp. 388, 
with 269 figures. Price, $31.50. Charles C 
Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Ill. 62703, 1967. 

This volume is a well-edited amplification of 
the authors’ previous refresher courses in 
neuroradiology. The book is excellent in regard 
to the characteristics of the paper, the legibil- 
ity and arrangement of the type, and the high 
quality of the illustrations. It is about the size 
of two issues of the American Fournal of 
Roentgenology, Radium Therapy and Nuclear 
Medicine. 

The authors include most of the practical 
aspects of radiology as applied to clinical cra- 
nial neurosurgery. In the opinion of this re- 
viewer, this book is helpful in that it does not 
complicate its valuable support of neurosurgi- 
cal procedures with those neuroradiologic ob- 
servations which apply for the most part only 
to medical neurology, endocrinology, ortho- 
pedics, and so forth. 

As expected, the volume is divided into a dis- 
cussion of plain film observations, intracranial 
pneumography, and cerebral angiography. 

One of the many important features of this 
volume is the concise but clear presentation of 


practical technical aspects which should be the 
responsibility of the radiologist. With this in- 
formation he should easily be able to supple- 
ment the activities of his technologist. Empha- 
sis is directed to the production of high-quality 
roentgenograms, and many useful hints are in- 
cluded. For example, it is pointed out that 
there is a need for multiple high-definition 
views of structures such as the internal acous- 
tic meatus for satisfactory diagnosis in some 
situations. 

Admirable advice is given on the value of 
diagnoses based on experience rather than on 
slavish dependence on specific measurements. 
It is emphasized that diagnoses should be 
made on the basis of definite changes and that 
indistinct or qualified observations should be 
regarded with suspicion and should not be 
modulated to fit the clinical observations. 

The section on intracranial pneumography 
is especially practical. This reviewer prefers 
that illustrations pertaining to observations 
relating to fluid levels be oriented in the man- 
ner in which the examination was carried out. 
However, it is realized that many readers have 
dificulty in studying roentgenograms unless 
they are presented in the usual anatomic posi- 
tion. 

Carotid angiography 1s adequately presented 
for this type of publication. There possibly are 
more variations in the technical details of these 
examinations than in most other aspects of 
neuroradiology. However, the methods de- 
scribed seem to function satisfactorily for the 
authors as evidenced by the high quality of 
their illustrations. It is pointed out that it is 
possible to provide satisfactory roentgenograms 
with relatively simple equipment although 
there is no criticism concerning the use of 
more sophisticated apparatus. It is emphasized 
quite correctly that “the anatomic knowledge 
and skills of the examiner are more important 
in obtaining a study of high quality than the 
actual equipment used." Of course, all varia- 
tions of procedures cannot be described in a 
volume such as this, but it is somewhat dis- 
appointing to this reviewer that a technique of 
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retrograde brachial angiography is not pre- 
sented, because experience shows that this is a 
relatively easy and most useful method of 
studying many of the vessels of the right caro- 
tid and the basilar system without the necessity 
of direct injection into a vertebral artery or of 
a catheterization procedure. 

There is a short but pertinent discussion of 
the complementary values of pneumography 
and angiography wherein the limitations and 
strong points of each of these examinations are 
mentioned. Quite properly the subject of radio- 
active scanning is only briefly mentioned, inas- 
much as this represents a different although 
related discipline. 

This book should be of considerable value to 
any radiologist who may have some responsibil- 
ity for neuroradiologic procedures. Its chief 
value to a trained neuroradiologist should be in 
the introduction of this interesting subspecialty 
to his graduate students. It affords a practical 
background concerning the great bulk of neu- 
roradiologic procedures, on which a more de- 
tailed study of these techniques and radiologic 
observations can be structured. It should be of 
considerable help to neurosurgeons and their 
students in understanding the problems, limi- 
tations, and potentials of neuroradiologic pro- 
cedures. 


Coun B. Horman, M.D. 


BOOKS RECEIVED 


X-Ray Diacnosis or ConceniraL Carprac Dis- 
tase. By Larry P. Elliott, M.D., Professor of 
Radiology, University of Florida College of Medi- 
cine, Gainesville, Fla.; Former Associate Professor 
of Radiology; Chief, Division of Cardio-Pulmon- 
ary Radiology, Mallinckrodt Institute of Radiol- 
ogy, Washington University School of Medicine, 
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St. Louis, Mo.; and Gerold L. Schiebler, M.D., 
Professor of Pediatrics (Cardiology), University 
of Florida College of Medicine, Gainesville, Fla. 
Cloth. Pp. 240, with many illustrations. Price, 
$11.50. Charles C Thomas, Publisher, 301-327 
East Lawrence Avenue, Springfield, Ill. 62703, 
1968. 

THERMOLUMINESCENT Dosimetry. By J. R. Cam- 
eron, N. Suntharalingam, and G. N. Kenney. 
Cloth. Pp. 233, with some figures. Price, $7.50. 
The University of Wisconsin Press, Box 1379, 
Madison, Wis. 53701, 1968. 

Towarp A Less HanMruL CIGARETTE. A workshop 
held at the World Conference on Smoking and 
Health, September 11—13, 1967. Conference Chair- 
man and Editor, Ernest L. Wynder, M.D. Na- 
tional Cancer Institute Monograph 28, June, 
1968. Cloth. Pp. 282, with some figures. Price, 
$3.75. U. S. Department of Health, Education and 
Welfare, Bethesda, Md. Superintendent of Docu- 
ments, U. S. Government Printing Office, Wash- 
ington, D. C. 20402, 1968. 

RADIOISOTOPES IN Mepicine: Iv Virgo STUDIES. 
Proceedings of a Symposium held at the Oak 
Ridge Associated Universities, November 13-16, 
1967. Atomic Energy Commission Symposium 
Series No. 13, CONF-671111. Edited by Raymond 
L. Hayes, Ph.D., Francis A. Goswitz, M.D., and 
Beverley E. Pearson Murphy, M.D., Ph.D. Paper. 
Pp. 754, with many figures. Price, $3.00. Clearing- 
house for Federal Scientific and Technical Infor- 
mation, National Bureau of Standards, US, Dé- 
partment of Commerce, Springfield, Va. 22151, 
1968. 

OSTEOARTHRITIS AND Bopy MEASUREMENTS. Na- 
tional Center for Health Statistics. Vital and 
Health Statistics. PHS Publication No. 1000, 
Series 11, No. 29. Paper. Pp. 37. Price, $0.35. 
U. S. Department of Health, Education and Wel- 
fare, Washington, D. C. Superintendent of Docu- 
ments, U. S. Government Printing Office, Wash- 
ington, D. C. 20402, 1968. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES oF AMERICA 


AMERICAN RoENTGEN Ray Socigty 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Jung Hotel, New 
Orleans, La., Oct. 1-4, 1968. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. John V. Blady, The Parkway House, 
2201 Benjamin Franklin Parkway, Philadelphia, Pa. 
19130. Annual meeting: Bellevue Stratford Hotel, 
Philadelphia, Pa., April, 28—30, 1969. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ill., Dec. 1-6, 1968. 

AMERICAN COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Regency Hyatt 
House, Atlanta, Ga., Feb. 18-22, 1969. 

SECTION on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: New York, 
N. Y., July 13-17, 1969. 

AMERICAN Boarn or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

AMERICAN ASSOCIATION OF PHYSICISTS IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced. 

AMERICAN SOCIETY or THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80907. 

AMERICAN SOCIETY FOR DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

TWELFTH INTERNATIONAL CONGRESS OF RapDIoLocy 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otani, Tokyo, Japan, 
Oct. 6-11, 1969. 

TENTH INTER-AMERICAN CONGRESS OF RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Penrose Cancer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 

President, Dr. Juan A. del Regato, Colorado Springs, 
Colo., USA, 

Secretary, Dr. F. Bloedorn, Boston, Mass., USA, 
Meeting: San Juan, Puerto Rico, 1971. 

INTER-AMERICAN CoLLEGE or RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Perú. 

ALABAMA RapioLocicAL Society 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

ALAsKA RADIOLOGICAL Society 
Secretary, Dr. Bruce C. Wright, Providence Hospital, 
Anchorage, Alaska, Meets third Wednesday each month. 

ARIZONA RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Robert E. Steyskal, sso W. 
Thomas Rd., Phoenix, Ariz. 85013. Two regular meetings 
a year. Annual meeting at time and place of State Medi- 
cal Association and interim meeting six months later. 

ARKANSAS CHAPTER OF AMERICAN COLLEGE OF RADIOLOGY 
Secretary-Treasurer, Dr. Wilma C. Diner, Univ. of 
Arkansas Medical Center, Little Rock, Ark. 72201. 

ARKANSAS RapioLocicAL SociETY 
Secretary, Dr. Charles W. Anderson, 1108} Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

AssoctATION oF Universiry RADIOLOGISTS 
Secretary-Treasurer, Dr. Alexander Gottschalk, Univer- 


sity of Chicago Medical School, Chicago, Ill. 60637. 
Annual Meeting: University of California, San Francisco, 
May 7-10, 1969. 

ATLANTA RADIOLOGICAL SocrETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

BavaRIAN-AMERICAN RADIOLOGIC SOCIETY 
Advisor, Colonel Paul E. Sieber. Secretary, Major Peter 
B. Riesz, USAH Bad Cannstatt, APO o91 54, New York. 
N. Y. Meets quarterly. 

BLocKLEY RADIOLOGICAL Society 
Secretary-Treasurer, Dr. R. John Gould, 41 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

BLuEGRAss RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly. 

BnaookLvN RapioLocicaL Society 
Secretary, Dr. Skottowe DePass, 69-13 Forest Ave., 
Brooklyn, N. Y. 11227. Meets first Thursday of each 
month, October through June. 

BurraLo RanrioLoaicAL SOCIETY 
Secretary, Dr. Richard Sheehan, 36 Briarlee Drive, Tona- 
wanda, N Meets second Monday evening each 
month, October to May inclusive. 

CaLrFonNIA RADIOLOGICAL Society 
Secretary- Treasurer: Dr. Leroy K. Mills, 3157 Oakcliff 
Circle, Carmichel, Calif. 95608. Meets annually during 
meeting of California Medical Association. 

CaTAWBA VALLEY RADIOLOGICAL Society 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
I2:OO NOON. 

CENTRAL New York RapioLoGICAL SociETY 
Secretary- Treasurer, Dr. George, Mitchell, Radiology 
Department, Syracuse Memorial Hospital, Syracuse, 
N. Y. 13210. Meets first Monday each month, October 
through May. 

CENTRAL Onto RADIOLOGICAL Society 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 15 and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 

Cuicaco RoENTGEN Society 
Secretary-Treasurer, Dr. Howard C. Burkhead, 2650 
Ridge Ave., Evanston, Ill. 60202, Meets third Wednes- 
day of each month, October to April, except December, 
at the University Club of Chicago. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Farmer, 18869 Canyon 
Rd. Fairview Park, Ohio 44126. Meetings at 7:00 P.M. 
on fourth Monday of October, November, January, 
February, March and April. 

CoLoRApo RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Seibert, Denver Gen. Hosp., 
Denver, Colo. 80218. Meets third Friday of each month 
at Denver Athletic Club from September through May. 

Connecticut VaLLEYv RapioLoGic SociETY 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

DaLLAs-Fonr Wortu RADIOLOGICAL SociETY 
Secretary-Treasurer, Dr. Robert J. Atcheson, 1401 S. 
Main St., Fort Worth, Texas 76104. Meets monthly, 
third Monday, at Southwest International Airport at 
6:30 P.M. 

Detroir RoeNTGEN Ray Society 
Secretary, Dr. David P. Corbett, Harper Hospital, 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Detroit, Mich. 48201. Meets monthly, first Thursday, 
October through May, at David Whitney House, 1010 
Antietam, at 6:30 P.M. 

East Bay RADIOLOGICAL SOCIETY, 

Secretary, Dr. Allen B. Freitag, 411 3oth Str., Oakland, 
Calif. 94609. Meets first Thursday each month, Oct. 
through May, at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

FLORIDA RADIOLOGICAL SOCIETY 
Secretary, Dr. John C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

FLoripa West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Allen M. Sheer, 501 E. Buffalo Ave., 
Tampa, Fla. 33603. Meets in January, March, May, 
July, September and November. 

GerorGIA RADIOLOGICAL SOCIETY 

CHAPTER OF THE AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Walker Harris, The Medical Center, 
Columbus, Georgia 31902. Meets in spring and fall with 
Annual State Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Sylvan H. Sarasohn, North 
Miami General Hospital, 1701 Northeast 127th St., North 
Miami, Fla. 33161. Meets monthly, third Wednesday 
at 8:00 P.M. at Jackson Memorial Hospital, Miami, Fla. 

GREATER Sr. Louis Society or RADIOLOGISTS 
Secretary- Treasurer, Dr. Roland P. Ernst, 3720 Wash- 
ington Ave., St. Louis, Mo. 63108. 

Hawar RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Thomas C. Brown, 1697 Ala 
Moana Blvd., Honolulu, Hawaii 96815. Meets third 
Monday of each month at 7:30 P.M. 

HEALTH Puysics SOCIETY 
Secretary, John W. Thomas, Philadelphia, Pa. Annual 
Meeting: Denver-Hilton Hotel, Denver, Colo., June 
16-20, 1968. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Thomas S. Harle, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 p.M., Houston, Tex. 

IDAHO STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. C. R. Markivee, 674 North Seminary St., 
Galesburg, Ill. 61401. Meets in the spring and fall. 

INDIANA RoENTGEN SOCIETY, INc. 

Secretary, Dr. Edwin F. Koch, Jr., 915 University Ave., 
Muncie, Ind. 47303. Meets first Sunday in May and dur- 
ing fall meeting of Indiana State Medical Association. 
lowa RADIOLOGICAL SOCIETY 

Secretary-Treasurer, Dr. J. H. Lohnes, 1948 First Ave., 
N.E., Cedar Rapids, lowa 52402. Luncheon and business 
meeting during annual session of Iowa State Medical 
Society. The scientific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary- Treasorer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 

KENTUCKY CHAPTER, AMERICAN COLLEGE OF RADIOLOGY 
Secretary-Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 
way, Lexington, Ky. 40504. Meets in April and Sep- 
tember. 

Kincs County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 2o, Tenn. Meetings are held the third 
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Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert J. Hochstim, 1200 Stewart Ave., 
Garden City, N. Y. 11533. Meets monthly. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. John L. Gwinn, Childrens Hospital of Los 
Angeles, 4650 Sunset Blvd., Los Angeles, Calif. 90027. 
Meets second Wednesday of month in September, 
November, January, April and June at Los Angeles 
County Medical Association Building, Los Angeles, Calif. 

LouisiANA-TExAs GuLr Coast RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. 

MaiNE RaDIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bearor, Maine Medi- 
cal Center, Portland, Maine 04102. Meets in June, Sep- 
tember, December and April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

MASSACHUSETTS RADIOLOGICAL SOCIETY 
Secretary, Dr. Jerome H. Shapiro, Department of 
Radiology, Boston City Hospital, 818 Harrison Ave., 
Boston, Mass. 02118. 

MEMPHIS ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Webster Riggs, Jr., The Uni- 
versity of Tennessee College of Medicine, Department of 
Radiology, Walter F. Chandler Bldg., 865 Jefferson Ave., 
Memphis, Tenn. 38103. Meets first Monday of each 
month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 P.M. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupsox RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 P.M., first Wednesday of each 
month, September to May. 

MILWAUKEE RoENTGEN Ray SOCIETY 
Secretary-Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 
sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
ae Monday, October through May, at University 

ub. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Warren L. Kump, 4243 Glen- 
wood Ave., Minneapolis, Minn. 55422. Meets twice annu- 
ally, fall and winter. 

MISSISSIPPI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missourt RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Harold B. Rapp, Cape Girar- 
deau, Mo. 

MoNTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Otto A, Troester, 924 Sharp 
Building, Lincoln, Nebraska 60508. Meets third Wednes- 
day of each month at 6 P.M. in Omaha or Lincoln. 

NEVADA RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New EncLAND RoentTGEN Ray SOCIETY 
Secretary, Dr. Morris Simon, 330 Brookline Ave., Boston, 
Mass. 02115. Meets third Friday of each month, October 
through May, at The Longwood Towers, 20 Chapel 
Street, Brookline, Mass., at 4:30 P.M. The Annual Meet- 
ing will be held May 24 and 25, 1969, at the Hotel Bel- 
mont, West Harwich by-the-sea, Cape Cod, Mass. The 
guest speaker, Dr. Lucy Frank Squire, will present the 
Twenty-fifth George W. Holmes Lecture. 

New HampsuireE RoEntTGEN Ray SOCIETY 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico ASSOCIATION OF RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 
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New Mexico Society or RADioLocisTS 
Secretary, Dr. Phil Fox, Albuquerque, New Mexico. Four 
meetings annually, three held in Albuquerque, N. M., 
and one held at time and place of New Mexico State 
Medical Society annual meeting. 

New York RoENTGEN Society 
Secretary-Treasurer, Dr. Samuel H. Madell, 1 E. 82nd St 
New York, N. Y. 10024. Meets monthly on third Monday 
at the New York Academy of Medicine at 4:30 P.M. 

New York SrarE CHAPTER OF THE AMERICAN COLLEGE 

or RanrioLocv, Ine. 

Secretary- Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y., 14618. 

NoRTH CAROLINA CHAPTER OF ACR, 

Secretary- Treasurer, Dr. Ira Bell, Hickory, N. C. 

Nort CanoLiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

NonTH Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Ohrt, 408 Medical Arts Bldg., Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 

NonTH FLonipA RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Herbert F. Reilly, Jr., 12 Sandalwood Rd., 
Scotia, New York 12302. Meets in Albany area on third 
eene of October, November, March, April, and 

ay. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Ivan D. Siddons, 3701 J. St., Suite 
106, Sacramento, Calif. 95816. Meets fourth Monday of 
Sept., Nov., Jan., March and May at the Sutter Club in 
Sacramento. 

NoRTHWESTERN Onio RapioLocicaL SociETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Oniro STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert D. Berkebile, Elyria Memorial 
Hospital, Elyria, Ohio 44035. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald F. Mauritson, 100 Utica Square 
Med. Center, Tulsa, Okla. 74114. Meets in January, 
May and October. 

OnANGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

Orecon RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Clinton B. Sayler, 214 Medical 
Dental Bldg., Portland, Oregon 97205. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

OnLEANSs Parisu RapioLocicaL SocikTYy 
Seeretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Pactric NortHwest RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Marvin Wallace, 555 108th Ave. 
N. E., Bellevue, Washington 98004. 

PENNSYLVANIA RADIOLOGICAL SocIETY 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Poly- 
clinic Hosp., Harrisburg, Pa. 17105. 

PHILADELPHIA RoENTGEN Ray Society 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
54th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians, 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Edward R. Seitz, 601 Jenkins Bld ., Pitts- 
burgh, Pa. 15222. Meets second Wednesday o month, 
October through June, at Park Schenley Restaurant. 

RADIATION RESEARCH SOCIETY 
Secretary-Treasurer, Dr. Gail D. Adams, Dept. of Radi- 
ology, Univ. of Oklahoma Medical Center, Oklahoma 
City, Oklahoma 73104. 

RADIOLOGICAL SOCIETY OF Connecticut, Ine. 
Secretary-Treasurer. Dr. Henry J. Fox, 10 Washington 
Ave., Bridgeport, Conn. Meetings are held quarterly, 
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RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Donald E. Gunderson, 3553 
Bayard Dr., Cincinnati, Ohio 45208. Meets first Monday 
of each month at Cincinnati Academy of Medicine. 

RADIOLOGICAL SOCIETY or GREATER Kansas City 
Secretary, Dr. J. Stewart Whitmore, toto Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL Society or Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 


RADIOLOGICAL SOCIETY oF LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave, 
New Orleans 15, La. Meets semiannually, during Loui- 
siana State Medical Socicty meeting and 6 months later. 


RADIOLOGICAL Society or New JERSEY 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. 07018. Meets in Atlantic City at time 
of State Medical Society meeting and in October or No. 
vember in Newark, N. J 

RADIOLOGICAL Society or RHODE ISLAND 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 

RADIOLOGICAL Society or Sour DAKOTA 
Secretary- Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Robert G. Williams, The Santa 
Barbara Medical Clinic, P.O. Box 1200, Santa Barbara, 
Calif. 93102. Meets three times a year, usually October, 
February and May. 

RADIOLOGICAL Society or THE STATE or New York 
Secretary- Treasurer, Dr. John W. Colgan, 273 Holly wood 
Ave., Rochester 18, N. Y. 

Repwoop Empire RADIOLOGICAL Society 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicHMonD County RaprioLoaicAL Society 
Secretary, Dr. W. F. Hamilton, Jr., University Hospita!, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

RocHeEsTER Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 
Quarterly meetings on the call of the President, at the 
Rochester Academy of Medicine. 

Rockv MouwraiN RapriorocicaL Society 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. 15-17, 1968. 

San ANTONIO-MiLrrARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M. 

San Disco RADIOLOGICAL Society 
President-Secretary, Charles R. Henkelmann, 3909 Palm 
Drive, Bonita, Calif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel. 

SAN Francisco RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Walter W. Herbert, Saint 
Francis Memorial Hospital, goo Hyde St., San Fran- 
cisco, Calif. 94109. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 

SANTA CLARA County RADIOLOGICAL Society 
Secretary, Dr. D. Brendan O'Donnell, 696 E. Santa 
Clara St., San Jose, Calif. 95112. Meets monthly at the 
Santa Clara County Medical Association Bldg., 700 
Empey Way, San Jose, Calif. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on RapioLocv, Mepicat Society or THE Dis. 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1310 Southern Ave., S.E., Washington, D. C. 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 P.M. 

SEcTION ON RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Phillip W. Voltz, Jr., 120 Medical Pro. 
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fessional Bldg., San Antonio, Texas 78212. Annual meet- 
ing: New Orleans, La., November 18-21, 1968. 

Section ON RapioLocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SociETY FOR PEDIATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Jung Hotel, New Orleans, La., Sept. 30, 1968. 

SOCIETY oF NUCLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Annual meeting Chase-Park Plaza Hotel, St. Louis, Mo., 
June 27-30 1968. 

Soury Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park, Calif. 94025. Meets second Wednesday of each 
month. 

SourH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Soury Dakota RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave., 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary-Treasurer, Dr. Aaron G. Fingerhut, 1000 W. 
Carson St., Torrance, Calif. 90502. Mets quarterely. 

SouTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
meeting: Grand Hotel, Pointe Clear, Ala. 36564, Jan. 
31-Feb. 2, 1969. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Marion E. Spurgeon, Memorial 
Hosp., Clarksville, Tenn. 37040. Meets annually at the 
time and place of the Tennessee State Medical Associa- 
tion meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced. 

Tnar-SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 r.m., Elks Club in Evans- 
ville, Ind. 

UNIVERSITY OF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor Mich. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
ut ien. 

Uran State RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Leon M. Neal, St. Benedict’s 
Hospital, 3000 Polk Ave., Ogden, Utah 84403. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital. 

VERMONT RADIOLOGICAL SOCIETY 
Secretary, Dr. John R. Williams, 160 Allen St., Rutland, 
Vt. 


VinGiNiA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. K. Kenneth Wallace Jr., Nor- 
folk, Va. 

WASHINGTON STATE RaDIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Paul S. Paulson, 1001 Broadway, 
Seattle, Washington 98122. Meets quarterly. 
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West VırGINIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George G. Green, Department 
of Radiology, W. Va. Univ. Medical Center, Morgan- 
town, W. Va. 26:06. Meets concurrently with Annual 
Meeting of West Virginia State Medical Society; other 
meetings arranged by program committee. 

WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

WvoMiNG RADIOLOGICAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cusa, Mexico, Puerro Rico AND CENTRAL AMERICA 


Asociación DE RapióLocos DE CENTRO AMERICA Y 
PaNAMÁ. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SociEDAD DE RapioLocfa DE EL SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9?. Calle A 0-05, Zona 1, 
Guatemala, 

SociEDAD DE RapioLocía v FisiorERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SociEDAD RADIOLOGICA COSTARRICENSE 
Secretary, Dr. Carlos Cordero, Chavarri, Apartado viii, 
San José, Costa Rica. 

SocrEbAD MExicANA DE RapioLocía, A.C. 

Coahuila No. 35, México 7, D. F. 
Secretary-General, Dr. Ramón Ruenes. 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

Socıepap RaprioLócicA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SociEDAD RADIOLOGICA DE Puerro Rico 
Secretary, Dr. Felipe N. de Jesús, 'Apt. 9387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 p.M. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


BRITISH COMMONWEALTH OF NATIONS 


AssociATION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

BRITISH INSTITUTE OF RADIOLOGY 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. r, England. Meets monthly from October 
until May. Annual meeting to be announced. 

CANADIAN AsSOCIATION OF Puysicists, DIVISION OF 
MEDICAL AND BIoLocIcaL Puysics. 

Honorary Secretary-Treasurer, Paul M. Pfalzner, Dept. ot 
Therapeutic Radiology, University of Western Ontario, 
London, Ont.. Canada. Annual meeting to be announced. 

EDMONTON AND District RADIOLOGICAL SOCIETY 
Secretary, J. D. R. Miller, M.B., University of Alberta 
Hospital, Edmonton, Alberta, Canada. Meets third 
Thursday of each month October to May, except Decem- 
ber, at various Edmonton Hospitals. 

FacuLTY or RADIOLOGISTS 
Honorary Secretary, Dr. J. N. Pattinson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. Annual meeting: 
London, England, June 21-22, 1968. 

Facu.ty or RanrioLocisrs, RoyaL COLLEGE OF SURGEONS 
IN IRELAND 


ue way atue J UVIV UY 


Registrar, Dr. H. O'Flanagan, F.R.C.P.I., D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 

SEcTION or RapIoLocy or THE Rovar Society or MEDI- 
CINE (CONFINED To MEDICAL MEMBERS) 
Meets third Friday each month at 4:45 P.M. at the Royal 
eia of Medicine, 1 Wimpole St., London, W. 1, Eng- 
and. 

CANADIAN ÁssOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald 1555 Summerhill Ave., Montreal 25, Que., 
Canada. 

MowTRnEAL RaprioLocicAL Stupy CLuB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

Section or RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociÉTÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, 5415 Boul. 
L'Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April. Annual meeting 
to be announced. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

CoLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W., 
Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 1 eT. 
Cérdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

CoLécio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Miguel Maric Céntola, Caixa 
Postal 5984, São Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary-General, Dr. Osvaldo E. Zerbo, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SocrEDAD Bo ivi1ANna DE RapioLocíA 
Secretary, Dr. Javier Prada Méndez. Casilla 1182, La Paz, 
Bolivia. Meets monthly. General assembly once every 
two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Cxa Postal 1542, 
Rio de Janeiro, Brazil. General Assembly meets every 
two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, Sáo Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SociEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Concha, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SocrEDAD Ecuaroriana DE RApioLocfa v FistoTERAPÍA 
Secretary, Dr. Carlos Palau, Av. Bogotá 206, Guayaquil, 
Ecuador. 

SociEDAD PAnAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SociEDAD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladis Delpino, Instituto de 
Radiología "Cayetano Heredia” Hospital Arzobispo 
Loayza, Lima, Perá. Meets monthly except during Janu- 
ary, February and March. 

SOCIEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 f41-1 Io, Baran- 
quilla, Colon bis. Society meets monthly at the Ínstituto 
de Radiología. 
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SOCIEDAD DE RapioLocfa, CanceroLocfa v FfÍsica 
Mépica DEL UnucvAY 
Secretary-General, Dr. José Claussius, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE RoENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Modesto Rivero Gonzáles, Apar- 
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ROENTGEN DIAGNOSIS 


HEAD 


FOURNIER, ANDRÉ M., Vacue, Pu., and LAFON, 
J. L’auto-résorption en bande symétrique du 
diploé pariétal: malum biparietale. (Auto- 
resorption in symmetric band of parietal 
diploe: malum biparietale.) 7. de radiol., 
d'élecirol. et de méd. nucléaire, May, 1968, 49, 
347—356. (From: Clinique Endocrinologique 
and Service Central de Radiologie, Hôpital 
de la Conception, Marseille, France.) 


Malum biparietale, or symmetric autoresorption 
of the diploe of the parietal bone is a rare disease of 
unknown etiology. 

This condition, under a multiplicity of names, has 
been described not infrequently in the English lan- 
guage literature but rarely in the French literature, 
suggesting a relative frequency among the Anglo- 
Saxons as compared with the French. After com- 
menting on several descriptive terms and names in 
the English language, the authors suggest the term 
malum biparietale. 

Virchow, after a careful study of innumerable 
skulls in many major European centers, described 
the condition and noted its parietal localization. As 
a result of resorption of the diploe, the outer table 
falls to the level of and meets the inner skull table. 

Roentgenologic studies demonstrate a well defined 
band-like parietal defect with absence of the diploic 
layer of bone, and the outer table in contact with the 
inner table. A review of the literature shows the 
majority of cases reported to be in older persons with 
a preponderance in women. 

Clinically, the findings are those of a progressive 
symmetric parietal defect associated with increasing 
pain. There is no known cause for this condition and 
no specific treatment. Symptomatic improvement 
with relief from pain may be obtained from radiation 
therapy to the cervical sympathetic chain, using 
6X12 cm. anterior oblique fields, 150 kv., 15 ma., 
100 r per treatment every 2 to 3 days to a total of 6 
treatments. 

The authors report the case of a 7o year old female 
who complained of a progressive skull deformity of 
IO years’ duration, and of increasing pain of I year's 
duration. The patient had a longstanding history of 
Raynaud's disease with vasomotor and trophic 
changes of the lower extremities and recent diabetes 
which was well controlled. Results of all laboratory 
studies were within normal limits. A skeletal survey 
revealed no abnormalities other than a symmetric 
biparietal defect extending slightly beyond the 
parieto-occipital suture into the occipital bone. 
Radiation therapy to the cervical sympathetic chain 
resulted in disappearance of the pain. 

On the basis of this case the authors suggest a 
neurotrophic cause for this condition. 
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Seven figures, with reproduction of 14 illustrative 
roentgenograms from the reported case, accompany 
this article.—/Zilliam H. Shehadi, M.D. 


OsEnRsoN, R., and Martini, T. La gamma- 
planigraphie cérébrale à la sérum-albumine 
radio-lodée (SARI).  (Cerebral-gamma- 
planigraphy with radio-iodinated serum al- 
bumine [SARI?].) 7. de radiol., d électrol. 
et de méd. nucléaire, May, 1968, 20, 339—346. 
(From: Institut de Radiologie, Hôpital 
cantonal universitaire, Lausanne, Switzer- 


land.) 


The authors discuss the various methods of cere- 
bral gamma encephalography and compare the 
limitations and advantages of digital probing with 
scintiscanning. The first method is primarily quanti- 
tative, while the second is qualitative. Both methods 
of examination have certain advantages in common, 
and each has its own advantages. 

The procedure is painless, harmless and inoffensive 
to the patient, may be performed and repeated 
several times, and constitutes an excellent method 
for the detection and localization of cerebral lesions. 
Radioactive iodinated serum albumine is the authors’ 
choice. The examination 1s rapidly performed using a 
dual probe scanner, with a cylindrical collimator, 
2.2 cm. in diameter, and a 5.1X 5.1 cm. Nal crystal. 
The authors’ series includes 502 examinations per- 
formed, both by digital probing and scanning. Of 
197 scans, 158 were positive. 

The authors describe a normal brain scan, giving 
the anatomic basis for such appearance. Pathologic 
processes are identified on the scan by an area of 
hyperactivity. This may be of slight, moderate or 
great intensity. Localization of the lesion is ob. 
tained after a study of scans made in 2 planes. 
Arteriovenous aneurysms are detected much earlier 
by a digital probe, but may still be recorded on a 
scan. Meningiomas appear as areas of sharply de- 
fined intense activity; the maximum activity is 
reached within 3 hours after injection of the radio- 
Isotope. Scans obtained on the second day can be 
accurately superimposed on the scan of the first day. 

Astrocytomas (Grade 1 and 1) are detected in 
50 per cent of cases. The activity of astrocytomas 
and oligodendromas is less intense than that of 
meningiomas. Unlike the latter, the focus of activity 
may be of unequal intensity due to cystic degenera- 
tion or to areas of highly differentiated tumor. 

One out of 5 metastatic brain lesions may not 
pick up the radioactive material. The multiplicity of 
areas of activity is characteristic of metastasis. 
Digital probing and scanning represent different 
graphic manifestations of the same cerebral examina- 
tion. The use of radioactive iodinated human serum 
albumine permits examination of the patient at 3, 
24, and 48 hours after the injection. 
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Twelve figures, including reproductions of 14 
scans and 3 diagrams accompany this article.— 


William H. Shehadi, M.D. 


NECK AND CHEST 


Hocc, James C., MackrEM, PETER T., and 
TuvRLBECK, W. M. Site and nature of airway 
obstruction in chronic obstructive lung dis- 
ease. New England J. Med., June 20, 1968, 
278, 1355-1360. (From: The Department of 
Pathology, McGill University, and the Joint 
Cardio-Respiratory Service of the Royal 
Victoria Hospital, Montreal, Quebec, Can- 
ada.) 


Obstruction as a cause of emphysema has been 
described as far back as 1846 but the exact nature 
and site of the obstruction are still controversial. 
Some light on the problem has been obtained by 
direct measurements of intrabronchial pressure. 

Several of the experiments have shown that there 
are probably 2 sites of obstruction in emphysema. 
One is in the larger airways and the other is in the 
smaller airways. The large airway obstruction 
probably occurs only on expiration, while the smaller 
airway obstruction occurs both during inspiration 
and expiration. 

The authors have used retrograde catheter tech- 
nique in excised human lungs. The catheter is 
jammed into a 2 mm. airway and instead of extend- 
ing the catheter out of the trachea it is extended 
through the bronchial wall, the parenchyma and the 
pleural surface leaving the airways central to it 
completely unobstructed. The resistance of the 
airways peripheral to the catheter is called Rp and 
the resistance of the airway central to the catheter is 
called Re while the total airway resistance is called 
Ri. Total pulmonary resistance is the sum of the 
central airway resistance and the peripheral airway 
resistance. The exact technical factors used in the 
measurements have been reported in other articles. 

Using this technique, the authors studied lungs 
from § normal persons, 7 patients with varying de- 
grees of emphysema, 1 patient with severe bronchi- 
ectasis and 1 patient with bronchiolitis. 

One of the conclusions made is that only about 
one quarter of total airway resistance occurs in the 
smaller diameter airways. On the other hand, in the 
diseased lungs, it was apparent that the peripheral 
airways are the major site of resistance in obstructive 
lung disease. The exact nature of the resistance in the 
small airways was studied with a great deal of care. 
It is felt that the small airway obstruction is due to 
organic disease and not to decreased elastic recoil or 
check valve in the small airways. The morphologic 
studies and postmortem bronchograms show that 
in normal lungs the contrast medium filled the 
smallest bronchiols. In the abnormal lungs the 
smallest airways did not fill. The bronchiols were 
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often distorted and harrowed and seemed to be 
occluded. Some were filled by mucus plugs and 
there was inflammatory change about many of the 
small airways. All of the abnormalities which are 
seen in obstruction of small airways could be lumped 
together and called “small airway disease." Certain 
elements of small airway disease such as inflamma- 
tion are reversible. Other elements such as fibrosis 
are probably irreversible. 

[t is repeatedly noted that there can be consider- 
able obstruction in the small airways with very little 
evidence of obstruction on the basis of measurement 
of the total airway resistance. This would seem to 
indicate that early small airway obstruction would 
not be detected on the basis of direct measurements 
of airway resistance in the living patient. 

This article is highly technical and the interested 
reader should refer to the bibliography for further 
explanation of the technical aspects of the experi- 


ments.—Richard E. Kinzer, M.D. 


GrnLE, RicHanp. D., JARETZKI, ALFRED, III, 
ASHLEY, CHARLES A., and BERNE, ALFRED S. 
Congenital bronchopulmonary-foregut mal- 
formation: pulmonary sequestration com- 
municating with the gastrointestinal tract. 
New England J. Med., June 27, 1968, 278, 
1413-1419. (From: The Department of 
Diagnostic Radiology, Syracuse Memorial 
Hospital, Syracuse, N. Y., and the Depart- 
ments of Pathology and Surgery, Mary 
Imogene Bassett Hospital, Cooperstown, 
N. X. 

Accessory lung or sequestration was defined in 
1928 as an organ-like formation consisting of 
pulmonary tissue and separated from the rest of the 
lung. If the sequestration is located within the nor- 
mal lung without a separate pleural covering, it is 
called intralobar. If it is located outside the normal 
lung and has its own pleural covering it is called 
extralobar sequestration. 

The authors report 3 cases of accessory lung tissue 
with communication to the gastrointestinal tract. 

The case reports are submitted with reproductions 
of roentgenograms and line drawings illustrating the 
basic anatomic abnormalities. A summary of 10 
other cases reported in the literature is also given. 

[t is pointed out that thoracic aortography would 
be helpful in demonstrating the basic anatomic 
pattern of the anomalies. They note that this was 
not used in the study of any of their cases. . 

The authors strongly support the thesis that 
extralobar and intralobar sequestrations and the 
sequestration communicating with the gut share a 
common embryogenesis and they conclude that this 
group of anomalies should be identified as “oañ 
genital bronchopulmonary-foregut malformation." 

The case reports are extremely instructive and for 
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anyone interested in chronic pulmonary diseases and 
interpretation of chest roentgenograms, reference to 
the original article seems mandatory.—Richard E. 


Kinzer, M.D. 


KÜHNEMANN, K.-A., and FiscHEDICK, O. Die 
Lungenszintigraphie bei schweren Silikosen. 
(Scintigraphy of the lungs in severe pul- 
monary silicosis.) Fortschr. a. d. Geb. d. 
Rüntgenstrahlen u. d. Nuklearmedizin, June, 
1968, 708, 725—733. (From: Abteilung für 
Róntgenologie und  Nuklearmedizin des 
Knappschafts-Krankenhauses, 46 Dort- 
mund, Germany.) 


Scintigraphy of the lungs with human serum I?! 
tagged macro-aggregate albumin particles showed 
that perifocal emphysema accounted for greater 
areas of uptake than were demonstrable on routine 
roentgenograms of the chest. 

Suspected neoplastic areas on initial studies re- 
vealed smaller foci than portions of the lungs in 
cases of silicosis; 7.e., when the involved area had a 
peripheral location. 

Scintigraphic studies also showed smaller areas 
of involvement when the suspected neoplastic 
process was more centrally located. 

These findings were substantiated in a group of 
5o patients with advanced disease of silicosis.— 
J. Zausner, M.D. 


ABDOMEN 


Rerp, Roserr L. Hernia through an iliac bone- 
graft donor site. Y. Bone & Foint Surg., June, 
1968, 504, 757—760. (From: The Department 
of Orthopaedic Surgery, Letterman General 
Hospital, San Francisco, Calif.) 


A rare complication of full-thickness iliac bone 
grafts is the development of a hernia through the 
iliac defect. 

The presented case involved a 59 year old woman 
who had had a posterior lumbosacral fusion with a 
left autogenous iliac bone graft. After 1 year a 3-5 
cm. tender mass developed over the iliac defect and 
she experienced pain and audible bowel sounds in 
the mass. No symptoms of intestinal obstruction 
occurred. 

At surgery, an anterior iliofemoral approach re- 
vealed the sausage shaped hernia sac protruding 
through the 4-7 cm. iliac defect, visible on the 
preoperative roentgenogram. The sac was excised, 
the bone defect widened and a musculofascial flap, 
raised from the external oblique muscle and aponeu- 
rosis, was sutured to the iliacus fascia on the inner 
ilium. 

Following 6 weeks of bed rest, ambulation pro- 
gressed and the patient remained asymptomatic 20 
months later.— oA» T. Underberg, M.D. 
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Perrett, A. D., Truetove, S. C., and Mas- 
SARELLA, G. R. Crohn's disease and car- 
cinoma of colon. Brit. M. Y., May 25, 1968, 2, 
466—468. (From: The Department of Clinical 
Medicine, the Radcliffe Infirmary, Oxford, 
England.) 


In a 30 year period, between 1938 and 1968, 154 
patients with Crohn's disease were seen at the 
Radcliffe Infirmary. Of these patients, 82 had evi- 
dence of colonic involvement. Among these 82 pa- 
tients there were 3 with associated carcinoma of the 
colon. This is a frequency of 3-7 per cent and since 
it is a considerably higher rate of cancer of the 
colon than would be found in a random sample of 
the population, it seems that there may be an associa- 
tion between these 2 diseases. 

It has been generally held in the past that there is 
no association between Crohn's disease and car. 
cinoma of the colon. The conclusion is drawn that 
this possible association deserves further study. 

Three excellent case reports are included with 
reproductions of roentgenograms and photomicro- 


graphs.—Richard E. Kinzer, M.D. 


Prior, C., Batesrra, E., Casaccia, C., and 
VALENTE, U. Prime osservazioni sulla col- 
angiografia potenziata mediante infusione 
endovenosa. (Preliminary observations on 
cholangiography by intravenous infusion.) 
Ann. radiol. diag., 1968, 47, 121—130. (From: 
Istituto di Radiologia dell'Università d; 
Genova and Istituto di Patologia Chirurgica 
dell'Università di Genova, Genova, Italy.) 


The technique of drip infusion cholangiography 
adopted by the authors is the following: 60 cc. of 
biligrafin diluted in 150 cc. of 5 per cent levulose 
solution is infused intravenously in 15-20 minutes. 
If minimal side-effects are noted the time of infusion 
IS increased to 45 minutes. Levulose is preferred to 
glucose in particular, because it enhances the syn- 
thesis of glycogen in the liver. 

Tomographic studies of the extrabiliary system 
are performed routinely. 

The conclusions drawn by the authors are: (1) 
good demonstration of the extrabiliary system and 
of the intrahepatic branches; (2) visualization of the 
extrabiliary system in patients with jaundice or in 
whom the standard intravenous cholangiography 
was unsatisfactory; and (3) minimal or no reactions 
to the contrast medium.—4. F. Govoni, M.D. 


Lenarpuzzi, G., Romanı, S., and ZACCHI, C. 
La stimolazione farmacologica della funzione 
esocrina nella contrastografia del pancreas. 
(Pharmacologic stimulation of the exocrine 
function in contrastography of the pan- 
creas.) Radiol. med., Feb., 1968, 54, 97-113. 
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(From: Istituto di Radiologia del? Uni- 
versità di Padova, Padova, Italy.) 


The authors have adopted for the demonstration 
of the pancreas the technique proposed in 1964 by 
Kisseler and his collaborators, and arteriography of 
the celiac artery. In both procedures the roentgen 
studies were performed before and after intravenous 
injection of secretin. 

Twenty-nine patients were examined as follows: 
(1) retroperitoneal air insufflation, 600-800 cc.; 
(2) intravenous injection of a contrast medium for 
the visualization of the urinary tract; (3) ingestion 
of carbonated water with vitamin C in order to dis- 
tend the stomach; (4) tomography of the area of the 
pancreas in the 2 sagittal views; (5) 60 minutes 
later, second intravenous urography and intravenous 
injection of secretin, 2 units per kg. of body weight; 
and (6) 40 minutes later further ingestion of car- 
bonated water and vitamin C, folloved by tomog- 
graphy of the pancreatic region in the 2 sagittal 
views. 

Of 9 normal subjects secretin produced an in- 
creased radiopacity of the pancreas only in § cases. 
In 7 cases of neoplasm of the pancreas and in 12 
patients of 13 with subacute and chronic pancreatitis, 
there was no demonstration of the pancreas. 

Twenty-two patients were examined as follows: 
(1) transfemoral angiography of the celiac artery 
with the Seldinger technique; 40 cc. of contrast 
medium was injected and 17 angiograms were 
obtained, 1 every second for 3 seconds and then I 
every 2 seconds for 25 seconds; (2) at the end of the 
angiography, 200 cc. of 20 per cent mannitol was in- 
jected intravenously in order to accelerate the 
excretion of the contrast medium from the kidneys; 
(3) 20 minutes later 2 units of secretin per kg. of 
body weight were introduced through the catheter, 
followed 3 minutes later by a second arteriography 
of the celiac artery. 

In the 5 normal subjects there was a better demon- 
stration of the arterial and venous bed of the pan- 
creas after secretin administration. In 8 cases of 
pancreatitis with poor circulation, no essential 
changes were noted. In 4 cases of pancreatitis with 
increased circulation, secretin resulted in a better 
visualization of the vascular pattern of the gland. In 
3 cases with carcinoma of the pancreas, secretin did 
not produce appreciable changes in the pancreatic 
circulation, while in 1 case of functioning tumor of 
the tail of the pancreas, following the injection of 
secretin, the local vascularization was moderately in- 
creased. 

On the basis of their experience the authors con- 
clude that: (1) secretin increases the pancreatic 
blood flow and that this action is related to the 
degree of vascularization of the gland; (2) the 
hormonal stimulation is more constant and demon- 
strable during pancreatic angiography; and (3) the 
results obtained encourage the use of secretin in 
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roentgen pancreatography, in particular when associ- 
ated with celiac angiography.—4. F. Govoni, M.D. 
GENITOURINARY SYSTEM 
MAHONEY, STEPHEN A., and PERSKY, LESTER. 
Intravenous drip nephrotomography as an 
adjunct in the evaluation of renal injury. 
Y. Urol., May, 1968, 99, 513-510. (From: 
The Department of Surgery / Urology, West- 
ern. Reserve University School of Medicine 
and University Hospitals of Cleveland, 


Cleveland, Ohio.) 


The routine excretory urogram has limited value 
in the diagnosis of renal trauma. 

In the experience of the authors, the intravenous 
drip method of excretory urography accompanied by 
appropriate laminagraphy offers additional informa- 
tion to this study. 

The following technique was used: 120 ml. of 
so per cent sodium diatrizoate solution was injected 
intravenously over a 5 minute period. Approximately 
10 minutes after injection, a series of laminagrams 
were made. Delayed roentgenograms were taken as 
indicated. 

The progress of the injury was followed through- 
out the hospital stay by similar diagnostic studies. 
These studies were compared with a group of 
patients with renal injury in whom nephrotomo- 
grams were not obtained. The diagnosis of laceration 
was applied to those in whom urinary bleeding was 
more severe, or those in whom a mass developed in 
the flank. The urograms of these patients generally 
showed loss of the psoas shadow, extravasation of 
contrast material, or poor visualization of the 
damaged kidney. The diagnosis of rupture of the 
kidney was generally made at operation in patients 
whose clinical course was characterized by shock, 
bleeding, or infected hematoma. 

Of the 16 patients who were evaluated by nephro- 
tomography, there were 12 contusions, 3 lacerations, 
and 1 rupture of the kidney. 

Visualization of the injured side was adequate in 
93 per cent or 15 of the 16 patients. The uninjured 
kidney was clearly seen in all of the patients. 

The authors conclude that intravenous infusion 
pyelography with nephrotomography is a non- 
traumatic, easily accomplished procedure which can 
be utilized in the presence of renal trauma with 
considerably greater ease than renal arteriography 
or retrograde pyelography. It offers a better op- 
portunity for visualization of the normal and 
damaged kidney than does routine intravenous 
urography. 

Three composite figures illustrate the findings in 
this article.—George W. Chamberlin, M.D. 


ZAGNOLI, P., BErconzl, L., and De Maria, D. 
L'indagine urografica potenziata nel "rene 
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escluso." (Potentiated urography in the ‘“ex- 
cluded kidney.") Radiol. med., Feb., 1968, 54, 
146-168. (From: Istituto di Radiologia 
dell'Università di Modena, Modena, Italy.) 


The authors, for a more detailed evaluation of the 
morphology of the kidneys and of the collecting 
systems, have adopted for the past several years the 
technique of drip infusion urography first proposed 
in 1963 by Schenker and Zanca. 

The procedure has been found very useful in the 
roentgen study of the urinary tract in 85 patients, 
in whom, following intravenous urography, there was 
no concentration and excretion from one kidney. 

Twelve cases of nonfunctioning kidney are re- 


ported in detail.—4. F. Govoni, M.D. 


HARBERT, Jonn C., ASHBURN, WILLIAM L. and 
Davipson, Jack D. An improved method of 
renography using the split crystal scintilla- 
tion camera. 7. Urol., June, 1968, 99, 681— 
687. (From: The United States Department 
of Health, Education, and Welfare, Public 
Health Service, National Institutes of Health 


Clinical Center, Department of Nuclear 
Medicine, Bethesda, Md.) 


Up to the present time, the usual mode of pro- 
cedure in most moderate size hospitals has been to 
use the dual probe method for radioisotope renog- 
raphy. This has certain physical limitations which 
are not present with the large crystal array. More 
recent studies indicate that sequential scintiphotos 
produced simultaneously with the renogram curve 
correspond well with the various patterns of the 
classic renogram. 

This communication describes an improvement 
on this method by the use of a split or divided crys- 
tal. Details of the circuitry and demonstrations of 
the degree of separation on the 2 sides are included. 

Simultaneous renogram curves and sequential 
images of the anatomic distribution of the radio. 
isotope tracer can be obtained by this procedure. 
Small changes in the position of the patient are 
inconsequential to the technique. Collimation 
effectively maintains minimal renal “crosstalk” 
uniform over a moderately wide area of the crystal 
feld. Interruption of the test to note the effects of 
change of position or voiding can be easily accom- 
plished. The technique can be reproduced because of 
the ability to locate the detector in a consistent 
relationship to the kidney. 

* The authors include 8 figures to illustrate the 
points in this article.—George W. Chamberlin, M.D. 


CoRNELL, Steven H., and Curr, Davin A. 
Acute occlusion of the renal artery demon- 
strated by angiography. 7. Urol., July, 1968, 
700, 2-5. (From: The Departments of Radiol- 


Abstracts of Radiological Literature 


7*9 


ogy and Urology, Universitv of Iowa Hos- 
pitals, Iowa City, Iowa.) 


Prompt recognition of renal arterial occlusion is 
necessary if the involved kidney is to be salvaged. 
It has been demonstrated that experimental liga- 
tion of the renal artery of the dog produces irrevers- 
ible necrosis in 9o minutes. The diagnosis can be 
made by arteriography. 

The authors report 2 cases, 1 in a boy 10 years of 
age with complete occlusion of the left renal artery 
following trauma, and 1 in an elderly male with 
cardiovascular disease in whom the embolus could 
be demonstrated in the renal artery. 

Embolism of the renal artery is far more common 
than thrombosis as the cause of acute blockage. 
Embolism is frequently associated with pre-existing 
cardiac or vascular disease. Trauma is a somewhat 
uncommon cause of acute renal artery thrombosis 
but should be thought of in those instances where 
the intravenous urogram shows a nonfunctioning 
kidney and the retrograde pyelograms show normal 
findings. Typically, the patient with acute renal 
arterial obstruction has sudden pain in the upper 
abdomen and flank, with nausea and vomiting. 
Fever and leukocytosis may be present. The urine 
contains albumin and red blood cells. The survey 
roentgenogram of the abdomen is not of great im- 
portance but it may show a paralytic ileus. The 
excretory urogram commonly demonstrates a non- 
functioning kidney, or if there is more than one 
renal artery supplying the kidney, there may be 
partial function or diminished function. In a few 
cases, the collecting system on the pyelogram may 
be spread due to edema, particularly if there is an 
aberrant uninvolved renal artery. The presence of a 
normal pyelogram and ureterogram excludes a 
urinary calculus or blood clot. It is emphasized that 
arteriography must be done early, especially in 
instances of renal trauma, for accurate diagnosis of 
the extent of the injury. 

The authors include 2 reproductions of selective 
arteriograms.—George W., Chamberlin, M.D. 


Lane, Erica K., Mertz, J. H. O., and Nov RSE, 
Myron. Renal arteriography in the assess- 
ment of renal infarction. 7. Uro/., May, 1968, 
99, 506-512. (From: The Departments of 
Radiology and Urology, Methodist Hospital, 
Indianapolis, Ind.) 


Renal infarction may be associated with renal 
artery thrombus or embolus, renal vein thrombus, 
or traumatic infarction. Selective renal arteriography 
is the method of choice for the demonstration of 
emboli in the arterial tree of the kidneys. Depending 
upon the size and location of these emboli, a com- 
plete or partial occlusion of the vessels may result. 
The effect upon the arteriographic-nephrographic 
stain phase of the kidney depends upon the percent- 


720 


age reduction of flow to the area of involvement. 
The embolus can be identified as a filling defect or as 
an occlusion of a segmental, subsegmental or intra- 
lobar vessel. Extremely small emboli in the terminal 
vessels may give rise to a striated nephrographic 
appearance of the cortex of the kidney during the 
arteriographic phase. 

Segmental thrombosis of a branch of the renal 
artery is difficult to distinguish from embolization. 
The arteriographic demonstration of a large prom- 
inent capsular artery with a late arteriographic- 
nephrographic stain of cortical tissue would favor 
a slowly propagating thrombosis of the renal artery. 
The presence or absence of visualization on an excre- 
tory urogram depends on the size of the occluded 
vessel and the degree of spasm of the patent vessels. 
In the acute phase of renal vessel embolus, non- 
function is most common. The arteriographic find- 
ings of a subacute and chronic renal infarction are 
characterized by classic cortical depression corre- 
sponding to the demonstrable scar. The supply 
vessel to the affected area is amputated. The differ- 
entiation between this lesion and a pyelonephritic 
scar can best be made by careful study of the calyceal 
structures on the pyelogram. 

Renal vein thrombosis is associated with dimin- 
ished or absent function on the intravenous urogram 
and a stationary column of contrast material linger- 
ing in the arterial tree after a renal artery injection. 
This static column of opaque medium may be 
prolonged for as much as 8 seconds. 

The arteriographic appearance of traumatic 
infarction is similar to that seen in arterial or 
venous thrombosis; however, splaying of the capsular 
arteries or intrarenal vessels with a history of ante- 
cedent trauma favors the diagnosis of traumatic 
infarction. 

The authors include 7 figures to illustrate their 


findings.—George W. Chamberlin, M.D. 


Parker, Ricuanp M., Bascn, RICHARD I., and 
Harrison, J. HarrweLL. Unilateral vaso- 
constrictive anuria. Surg., Gynec. © Obst., 
July, 1968, 727, 66-70. (From: The Depart- 
ment of Surgery, Division of Urology, and 
Department of Radiology, Peter Bent Brig- 
ham Hospital and Harvard Medical School, 
Boston, Mass.) 


The authors report the case of a patient who 
apparently passed a left ureteral calculus and sub- 
sequently developed anuria involving the left kid- 
ney as a result of an apparent vasoconstrictive 
phenomenon. This was felt to be primarily on a 
neural basis and was transient. 

The unilateral left anuria was documented by 
cystoscopy, left ureteral catheterization and retro- 
grade urography which demonstrated a normal 
appearing left renal collecting system. Neither the 
calculus nor any evidence of its presence, radio- 
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graphically, were identified. Initial evaluation re- 
vealed nonvisualization of the left renal system on 
intravenous pyelography. Following the left ureteral 
catheterization, a selective left renal arteriogram 
was obtained which demonstrated separation of the 
major arterial branches with marked diminution of 
the terminal branching arteries and apparent corti- 
cal ischemia. Ten days later, this examination was 
repeated and the selective left renal arteriogram 
was completely normal. Excretion of contrast me- 
dium on the left side took place slowly beginning on 
the fourth day and reaching normal levels on the 
tenth day following the acute episode. 

Serum enzyme levels, including lactic dehydro- 
genase and transaminase levels, were not elevated 
during the course of the patient's illness. 

The authors feel that the phenomenon was due to 
an acute neurovascular response of the kidney, for 
this has been found to be easily produced in animals 
experimentally.— 7. R. Stevenson, Maj. MC 


Lemaitre, G., L’Hermine, C., MAILLARD, 
J. P., and Linquerte, M. Les angiomyo- 
lipomes ou hamartomes du rein. I. Les lésions 
rénales de la sclérose tubéreuse de Bournville: 
étude angiographique. (Angiolipomas or ha- 
martomas of the kidneys. I. Renal lesions of 
tuberous sclerosis of Bournville: angio- 
graphic study.) J. de radiol., d'électrol. et de 
méd. nucléaire, May, 1968, 49, 315-320. 
(From: Service de Radiologie, de la Clinique 
urologique, et de la Clinique médicale, 


C.H.U. de Lille, France.) 


Because of their special anatomic structure, 
angiomyolipomas of the kidneys are classified. as 
hamartomas. They are pseudotumors and not true 
tumors. 

Angiomyolipomas occur either (a) in very young 
women, as a visceral manifestation of tuberous 
sclerosis, or (b) in older females as isolated renal 
masses, with no related or accompanying conditions 
elsewhere in the body. 


I. ANGIOGRAPHIC STUDIES OF RENAL LESIONS 
IN TUBEROUS SCLEROSIS 


In addition to cutaneous and central nervous 
system involvement, renal lesions are the most fre- 
quent visceral manifestations of tuberous sclerosis. 
These lesions are angiomyolipomas or hamartomas. 
They are of rare occurrence. For the most part they 
have been discovered at autopsy. They present an 
abnormal growth and arrangement of the norma] 
components of kidney structure and are thus 
classified as hamartomas. 

Clinically there is a palpable mass, representing a 
large kidney; less frequently there is macroscopic 
hematuria. Excretion and retrograde urography 
identify the renal origin of the mass, but not its 
nature. There is enlargement of the kidney and 
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deformity of the collecting system, consistent with 
solitary or polycystic disease. However, an accurate 
diagnosis can be made by selective renal angiog- 
raphy. This reveals enlargement and dilatation of 
the renal artery and its branches and deformity of 
its intrarenal branches. There is formation of new 
vessels simulating tumor vascularization. Round 
isolated, sometimes confluent dilatations, simulating 
aneurysms arising from the small vessels, present a 
cluster of grapes appearance. 

The authors report the case of a 20 year old fe- 
male with tuberous sclerosis with typical cutaneous 
and neurologic manifestations, who experienced 
severe hematuria. The physical examination revealed 
the presence of bilateral renal masses suggesting 
polycystic disease. Excretion urography revealed 
pelvicalyceal deformity from which no conclusive 
diagnosis could be made. The correct diagnosis, 
however, was made following renal arteriography. 

The mother, afflicted with tuberous sclerosis pre- 
sented essentially the same clinical and urologic 
findings, although the neurologic manifestations 
were less pronounced. 

Reproductions of roentgenograms of the skull, 
excretion urograms and renal arteriograms made on 
the 20 year old patient accompany this article.— 


William H. Shehadi, M.D. 


Lemarrre, G., L'HERMINE, C., and BLANQUART 
J. Les angiomyolipomes ou hamartomes du 
rein. IT, Les angiomyolipomes isolés du rein: 
à propos de duex observations. (Angiolipomas 
or hamartomas of the kidney. II. Isolated 
angiolipomas of the kidney: report of 2 
cases.) J. de radiol., d'électrol. et de méd. 
nucléaire, May, 1968, 49, 320-324. (From: 
Service de Radiologie Est et de la Clinique 
urologique, Lille, France.) 


II. ISOLATED ANGIOMYOLIPOMAS OF THE KIDNEYS 

Isolated angiomyolipomas of the kidneys, not 
associated with tuberous sclerosis, occur almost ex- 
clusively in women over 40 vears of age. 

The renal masses are usually very large at the 
time they are clinically discovered. 

This condition is very rare, only 103 cases having 
been reported in the literature. 

The benign nature of these renal masses has been 
confirmed on histologic examination in all reported 
cases. Histologically they are true hamartomas 
although differentiation from malignant tumors may 
be difficult radiologically as well from the appearance 
of the gross specimen. 

Renal angiography presents a vascular pattern 
»ractically indistinguishable from renal carcinoma. 

The correct diagnosis is made on the histologic 
study of the operative specimen. 

k The authors report 2 cases in women 67 and 62 
rears old respectively. Reproductions of 4 roentgen- 
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ograms made following excretion urography and 
selective renal arteriography accompany this article. 


William H. Shehadi, M.D. 


Konuratp, Hatir Z1YA, Bartas, GunnBvz S., 
and ALTUG, Korkmaz Y. An unusual foreign 
body in the ureter. Bris, J. Urol., Apr., 1968, 
70, 233-234. (From: Second Surgical Clinic, 
University of Istanbul, Istan bul, Turkey.) 


Foreign bodies in the ureter are rare and usuallv 
result from trauma or are secondary to surgical 
treatment. 

The authors report the case of a 61 vear old white 
female who complained of renal colic and hematuria 
beginning 4 years following a total hysterectomy. 
An intravenous urogram revealed an opacity near 
the lower end of the right ureter causing ureteral 
obstruction and mild hydronephrosis. At surgical! 
exploration, a small encrusted surgical sponge was 
removed and the obstruction relieved. The foreign 
body was roentgenographed and its stone-like 
appearance demonstrated. 

It is concluded that the right ureter had been 
Injured at the time of hysterectomy and the sponge 
had somehow found its way into the lumen of the 


ureter causing subsequent obstruction. —S. 4. Kauf- 
man, M.D. 


PackHaM, D. A., and Yares-BeE tt, J. G. The 
symptomatology and diagnosis of retro- 
peritoneal fibrosis: a review and presentation 
of case reports. Brit. Y. Urol., Apr., 1968, 40, 
207-222. (From: Urological Department, 
King’s College Hospital, London, England.) 


Retroperitoneal fibrosis was first reported in 1948 
and since that time more than 100 additional cases 
have been described in the English language litera- 
ture. In this communication 8 new cases are pre- 
sented and 130 cases from the literature are analyzed 
inan attempt toclassify the widely varying manifesta- 
tions of the disease. 

The majority of cases occur in the 4O to 60 year 
age group and although females predominate in the 
younger group, the over-all figure shows a male 
predominance of 2 to 1. The ratio of bilateral to 
unilateral disease is approximately 3 to 1. In most 
cases the fibrosis extends from a level of about the 
second lumbar vertebra to the aortic bifurcation. 
It may rarely extend cephalad into the mediastinum 
or distally to the testicular region. There was a 
mortality rate of 12.6 per cent in this series. Five 
patients died from anuria, and the remainder from 
pyelonephritis, hemorrhage from the laparotom y 
wound, or simply progression of the disease. The 
main differential diagnosis was between retroperi- 
toneal fibrosis and a retroperitoneal tumor and can 
usually be resolved only by surgical exploration. 

The history and symptoms in these patients are 
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quite diverse and are mainly referable to 
pressure on the structures in the retroperitoneal 
space. There is a wide variation in the length of 
history and in the type of symptoms. Pain is the 
most frequent symptom; weight loss, nausea, vom- 
iting, anuria, frequency, malaise and edema have 
been described. Anuria is the most serious complica- 
tion of the disease and was noted in 15 per cent of 
the patients. 

Tenderness of the loin is the commonest physical 
sign and is thought to be due to increasing hydro- 
nephrosis. The detection of a mass is unusual and 
when present tends to assume the shape of a flat 
sheet of tissue and is palpable only in thin subjects. 
The presence of a mass makes the diagnosis of retro- 
peritoneal fibrosis quite questionable. Hypertension 
a frequent observation and in several cases 
reverted to a normal state following ureterolysis. 

The investigations that were performed on the 
patients revealed some degree of anemia, an oc- 
casional elevation of the white cell count, and a 
raised erythrocyte sedimentation rate. One-third of 
the cases had elevation of the blood urea. The 
examination of the urine was usually normal. 

The roentgenographic appearances are fairly 
typical. The psoas shadows are usually visualized 
and the kidney outlines may be slightly larger than 
normal. One or both ureters may be deviated slightly 
towards the mid-line. Hydronephrosis and hydro- 
ureter may be found on one or both sides with ob- 
structed ureters showing a gradual tapering. De- 
pending on the degree of obstruction there may be 
no concentration of contrast material on one or both 
sides as was demonstrated in 37 of the patients. 
Retrograde catheterization usually confirmed the 
intravenous pyelographic findings. Lymphangiog- 
raphy and aortography have been reported in only 
1 case each, revealing dilated external iliac lymphatic 
vessels, and narrowing of the aorta in the region of 
the fibrosis. 

The authors report 8 cases of retroperitoneal 
Rbrosis demonstrating these findings and in addition 
2 cases which simulated retroperitoneal fibrosis, 
both of whom had a tumor in the retroperitoneal 


region.— S. 4. Kaufman, M.D. 
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NERVOUS SYSTEM 


Davis, F. M., LLEWELLYN, R. C., and KIRGIS, 
H. D. Water-soluble contrast myelography 
using meglumine iothalamate (conray) with 
methylprednisolone acetate (depo-medrol). 
Radiology, Apr., 1968, 90, 705-710. (Address: 
Dr. F. M. Davis, Tulane University, 1430 
Tulane Avenue, New Orleans, La.) 


An ideal contrast medium for use in myelography 
should be soluble, nontoxic, nonirritating, and hyper- 
baric, and should provide good roentgenographic 
contrast. lophendylate | (pantopaque) currently 
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widely employed in the United States is insoluble 
but otherwise quite satisfactory for use in myelog- 
raphy. Meglumine iothalamate (conray) has been 
used for ventriculography and myelography but 
muscle spasm and paresthesia occurred with sufh- 
cient frequency to limit its usefulness. 

The authors report their results of lumbar m velog- 
raphy performed on 5o patients at the Veterans Ad- 
ministration Hospital, New Orleans, La., using 
conray with methylprednisolone acetate (depo- 
medrol). The depo-medrol, a steroid, was used to see 
if this would inhibit or reduce the side-effects of the 
water-soluble contrast medium conray. A small cali- 
ber (20 or 22 gauge) needle was used to inject 5-6 cc. 
of undiluted contrast medium along with 40 to 80 
mg. of depo-medrol. The technique otherwise was 
similar to that used in pantopaque myelography with 
the patient's head being kept elevated overnight 
after the procedure in order to keep the contrast me- 
dium in the caudal sac during the period of absorption. 

Lumbar myelograms of good diagnostic quality 
were obtained in all patients. A distinct advantage 
of conray over pantopaque was the better visuali- 
zation of the nerve roots and sleeves due to the lower 
viscosity. Experience was required for accurate 1n- 
terpretation as the medium diffuses with the spinal 
fuid thereby diminishing the contrast especially 
above the thoracolumbar level. Two primary ad- 
verse effects were noted and these consisted of tran- 
sient muscle rigidity and paresthesia of the legs which 
occurred in 17 patients. These effects, however, were 
not serious and could usually be prevented by as- 
piration of a portion of the contrast medium at the 
conclusion of the procedure. One patient with a 
history of a previous convulsion had a grand mal 
seizure following myelography. 

The authors feel that conray will give roentgenog- 
rams of good diagnostic quality in lumbar myelog- 
raphy. Their current impression is that the steroid, 
depo-medrol probably does not alter the early side- 
effects of this medium but it is planned to compare 
the results obtained in this series with the results of 
a group not receiving depo-medrol to determine 
whether the steroid reduces the incidence of side- 
effects of conray.—Donald N. Dysart, M.D. 


GYNECOLOGY AND OBSTETRICS 


Gros, Cu. M., Mutter, P., Warren, J. Bs 
DELLENBACH, P., and VANDERVELLEN, R. 
Gaz intravasculaires, signe radiologique pre- 
coce, de certitude, de la mort du foetus 77 
utero. (Intravascular gas, an early certain 
sign of fetal death 77 utero.) T. de radiol., 
A'électrol. et de méd. nucléaire, March-Apr., 
1968, 49, 209-214. (From: Service Central de 
Radiologie du C.H.U. de Strasbourg et de la 
Maternité du C.H.U. de Strasbourg, Stras- 
bourg, France.) 
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The presumptive roentgenographic signs of fetal 
death are: 

Decalcification of the skeleton 

Termination of fetal growth 

Absence of spontaneous fetal movements, as 
evidenced by comparison of 2 roentgeno- 
grams 

The halo sign 

Compression. and incurving of the cervical 
spine 

The only certain signs of fetal death are: 

Spalding's sign (collapse of the calvarium from 
dehydration and maceration of the brain); 
while pathognomonic, it is late appearing 
from about 3 days to 3 weeks after fetal death 

Intravascular gas, this appears relatively earl y— 
sometimes within 24 hours of exitus 

The authors observed 12 cases, in which intravas- 
cular fetal gas was identified i” utero, and roentgeno- 
graphed post partum g other dead fetuses. They be- 
lieve that, although the finding of gas is rarely made, 
it actually could be made in from 40 to £o per cent 
of cases. The gas is 2.5 to § cc. in volume, and is usu- 
ally located in the heart or great vessels, although 
cranial, peritoneal and retroperitoneal collections 
have been reported. The phenomenon is apparently 
due to the release of gases in solution, either from the 
break-down of oxyhemoglobin, or the disassociation 
of bicarbonates from metabolic acidosis secondary 
to anoxia. 

Technically, the most useful roentgenograms are 
produced by making anteriorposterior and lateral 
exposures at 120 kvp. In interpretation, care must be 
taken to differentiate fetal intravascular gas from 
maternal intestinal collections. The only likely error 
is from an extra-uterine pregnancy near term, in 
which case the fetus could lie in the midst of intes- 


tinal loops.—Frank A. Riebel, M.D. 


RosENTHALL, LEoNanp. Radionuclide imaging 
of the uterus with special reference to preg- 
nancy. Radiology, Apr., 1968, 90, 750-755. 
(From: Division of Nuclear Medicine, De- 
partment of Radiology, Montreal General 
Hospital, Montreal 25, Canada.) 


Visualization and localization of the placenta with 
à gamma-ray scintillation camera are feasible using 
either Tc? as the pertechnetate or Sr5™, With 
gamma camera imaging a frontal and lateral view of 
the placenta can be accomplished within 8 minutes 
using an intravenous injection of 1 millicurie of 
radioactivity, and the placenta can be adequately 
Tocalized relative to a radionuclide marker over the 
symphysis pubis. The author presents the results of 
his experience from 150 scans of the uterus in the 
Ist, 2nd and 3rd trimesters of gestation. 

With the technique described, all patients receiv- 
ing Tc? pertechnetate were premedicated with an 
oral dose of 250 mg. of potassium perchlorate. No 
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premedication was used when Sr?" was adminis- 
tered. The symphvsis pubis and the umbilicus were 
identified on the scan by point source of Co? or ['*! 
placed in these locations. About 4,000 counts were 
accumulated over the radionuclide marker after 
which a frontal image was obtained with the accumu- 
lation of 100,000 counts. The detector head was then 
rotated horizontally and a lateral view scan obtained. 
If a low lying placenta was visualized, a more accu- 
rate assessment of its relationship to the cervix was 
obtained by inserting an intravaginal radionuclide 
marker. 

The results of this study indicate that gamma cam- 
era Imaging can be valuable in the diagnosis of pla- 
centa previa if appropriate lateral studies were ob- 
tained when a low-lying placenta is demonstrated in 
frontal views. In the first trimester, all scans should 
be interpreted with caution since the gravid uterus 
during this time appears as a uniform ball of in- 
creased activity, similar to a nongravid uterus in the 
premenstrual phase. However, the localization of the 
placenta at term can be confidently predicted be- 
tween 20 and 24 weeks of gestation. A single case 
each of a myomatous uterus and hvdatidiform mole 
is reported, both showing a large blood pool relative 
to background. 

The author concludes that imaging the placental 
blood pool is superior to the conventional spot count- 
ing technique. The use of a frontal and lateral view, 
plus pubic and intravaginal radionuclide markers, 
permit the most accurate estimation of distance 
between the placental margin and the cervical os. 


Edward B. Best, M.D. 


BLoop AND LYMPH SYSTEM 
KaiNpL, F., KorscHer, E., Wimmer, M., and 
GisEL, A. Uber eine seltene Anomalie der Vena 
cava inferior. (A rare anomaly of the inferior 
vena cava.) Radiologia Austriaca, 1968, 18, 
45-52. (Address: Dr. Friedrich Kaindl, Ex- 
traordinariat für Kardiologie, Garnisongasse 
13, 1090 Wien, Austria.) 


Anomalies of the inferior vena cava usually are of 
little consequence as long as the blood flow to the 
rght atrium remains unimpeded. One of these 
anomalies, “a nonfusion of the hepatic portion," is 
usually associated with congenital heart lesions. Its 
recognition is important when cardiac surgery is 
contemplated because an extensive collateral circu- 
lation bridges the gap between the infra- and supra- 
hepatic portion of the inferior vena cava. 

The anomaly can only be recognized by the course 
a catheter takes when introduced into a lower ex- 
tremity vein. Biplane radiography with or without 
venography is essential for proper interpretation of 
the findings. 

The cases of 6 infants ranging in age from 3 to 18 
months are reported. In 5 patients, a venous stem 
vessel was located in the right paravertebral region 
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and only in 1, was the abnormal vein on the left side. 
The vessel led to the superior vena cava and the 
right antrium via the azygos vein. Occasionally, 
the hemiazygos vein and a left superior vena cava 
persistens also formed a link of the collateral path- 
ways. Such anomaly may render extracorporeal cir- 
culation impossible during cardiac surgery. 

The superior vena cava persistens is the best 
known venous anomaly, playing an important role 
in the preoperative diagnosis of congenital heart 
lesions. Associated malformations of the heart are 
cor biloculare, atrioventricular canal, abnormal 
drainage of pulmonary veins, double outlet right 
ventricle, atrial and ventricular septal detects, steno- 
sis and atresia of the pulmonary valve, dextro- 
cardia, situs inversus of the heart, and pseudotrun- 
cus. 

The authors support the proposed term “‘infra- 
hepatic interruption of the inferior vena cava with 
continuation via the axygos and hemiazygos 
vein." The supradiaphragmatic portion merely 
drains hepatic blood into the right atrium.—Zrzest 


Kraft, M.D. 


Grec., A., Evpr, M., Krack, U., and Ficut- 
NER, H. J. Chromolymphographie der oberen 
Extremitat. (Chromolymphography of the 
upper extremity.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen u. d. Nuklearmedizin, May, 
1968, ro8, 565-576. (Address: Dr. Anton 
Gregl, Oberarzt Radiologische Universitäts- 
klinik, Humboldt Alee 10, 34 Gottingen, 
Germany.) 


Lymphography of the lower extremities represents 
a well established procedure. Upper extremity 
lymphography, on the other hand, is not commonly 
performed for several reasons. Lymphatic channels 
of the hands occasionally are too small for insertion 
of a needle or a polyethelene catheter. Futhermore, 
the findings of the axillary lymphadenogram fre- 
quently are confusing due to inflammatory changes 
and infiltrating fat tissue causing storage defects. 
Lymphography of the upper extremity also offers 
but limited results because metastatic involvement 
of the lymph nodes occurs less frequently in the 
axillary than in the inguinal region. It is almost ex- 
clusively performed in breast cancer preoperatively 
to determine the extent of axillary as well as supra- 
and infraclavicular lymph node spread. 

The axillary lymph nodes may remain undetected 
especially when excessive fat tissue is present, but 
the surgeon's search can be facilitated by color-tag- 
ging the contrast material with chlorophyl. This so- 
called chromolymphography has to be performed 24 
to 48 hours preoperatively for optimal visualization 
of the green-colored lymph nodes. 

During the past 23 years the authors used the 
method in 184 patients with a total of 241 studies 


comprising 127 unilateral and $7 bilateral examina- 
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tions. Whenever possible, a comparative study of 
the normal contralateral arm was made at the same 
time because of the difficulties of interpretation. In 
co patients, chromolymphography could also be 
compared with conventional lipiodol lymphography. 

Chromolymphography has proved superior for 
visualization of the lymph channels especially when 
lymph edema is present. Extravasations are also 
less frequent than with the conventional method. 
The storage in the axillary lymph nodes is prolonged 
and perinodular extravasation occurs more fre- 
quently. Six to 10 days after the injection, however, 
the extravasation subsides and the lymph nodes are 
as well demarcated as with plain lymphography. 
Therefore, chromolymphography for diagnostic pur- 
poses should be performed 8 to 14 days prior to 
hospital admission.— Ernest. Kraft, M.D. 


GENERAL 


Ter-Pocossian, MıcuaeL M. The physico- 
mathematical era of radiology—-the impact 
of modern technology on radiology—the big 
machines. New Horizons for Radiologists 
Lecture. Radiology, May, 1968, 90, 857-864. 
(From: Edward Mallinckrodt Institute of 
Radiology, 510 South Kingshighway, St. 
Louis, Mo.) 


This is the New Horizons for Radiologists Lecture 
presented by Dr. Michael M. Ter-Pogossian at the 
Scientific Assembly of the Fifty-third Annual Meet- 
ing of the Radiological Society of North America, 
Chicago, Illinois, Nov. 26-Dec. 1, 1967. 

The Lecturer begins by explaining that through- 
out the development of medicine much progress has 
been achieved by the reliance of the physician on the 
basic sciences. Although biochemistry has had the 
lead role in the past, physics and mathematics have 
recently come to the foreground. This is because 
biologic phenomena are now sufficiently well under- 
stood to allow their useful measurement and mathe- 
matical analysis. In addition, rapid advances of tech- 
nology, enormous financial support, industry’s con- 
cern for medicine, necessity of physical instrumenta- 
tion and acute physician interest have all contributed 
heavily to the emergence of these two basic sciences. 

Radiology is the medical specialty most deeply 
committed to the physical sciences. This is in part 
historical, in part due to education, for no other spe- 
cialist is exposed to such an extensive preparation in 
physics and mathematics as the modern radiologist. 

Beginning with radiation therapy, the author, 
stresses that exacting dosimetry is the sine qua non 
of good practice. Not all treatment centers have 
high standards of dosimetry; but this could be im- 
proved by the use of small computers. Megavoltage 
radiation generators are now being built that greatly 
facilitate technique. Failures to achieve complete 
tumor eradication because of tissue hypoxia may be 
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overcome by using special techniques to increase 
oxygen tension in tumor cells or employing radia- 
tions such as mesons that have higher linear energy 
transfer. 

Concerning diagnostic radiology, although much 
has been done to improve radiographic equipment, 
more progress will be seen in the near future with the 
production and recording of the radiographic image. 
Disposable, laser-excited roentgen-ray tubes may 
provide smaller focal spot techniques and new elec- 
tronic devices will enhance analysis and storage of 
the image. Computers certainly will play an impor- 
tant part in diagnosis— perhaps even in the recogni- 
tion of the radiographic image. 

As for nuclear medicine, the youngest member of 
the radiology family, the development and use of the 
isotopes carbon 11 and oxygen 15 which emit pos- 
itrons will permit 77 vivo detection of their annihila- 
tion radiation. Specially designed cyclotrons will be 
required to produce the isotopes however. The iso- 
tope camera is already in use and is capable of re- 
cording dramatic phenomena at cinematographic 
rates. 

Dr. Ter-Pogossian concludes his discussion by ex- 
plaining that his predictions are very short ranged 
because, as a physicist, he does not extrapolate far 
from well established data and that he has chosen to 
interpret the word "horizon" as meaning the range 
of perception or experience. In addition, he claims 
that, since radiology is changing so fast, it is futile 
to try to predict the shape of things to come beyond 
a few years. He stresses that physics and mathema- 
tics are to play a key role in the future of radiology. 
Because this is so, they must be taught in dynamic 
fashion to the student radiologist.— P. M. Kroening, 
M.D. 


Hopps, J. A. The electric shock hazard in 
hospitals. Canad. M.A.J., May 25, 1968, 98, 
1002-1007. (Address: Mrs. J. A. Hopps, 
Medical Electronics Group, Instrument Sec- 
tion, Radio and Electrical Engineering Divi- 
sion, National Research Council, Ottawa S. 
Ontario, Canada.) 


The increasing use of electrical devices in diagnos- 
tic and therapeutic procedures has led to an in- 
crease in the hazard of electrical shock to patients. 

In the past decade many procedures have been 
developed which probe the inner-most depth of the 
body producing the potential for internal shock. It 
is now known that the threshold current for fibrilla- 
tion at the heart may be 1,000 times lower than at 
ethe surface of the body. This, of course, Increases 
the magnitude of the problem of electrical shock 
hazard. 

These shock currents arise from two sources: 
(1) misuse or misconnection of equipment; and, 
(2) the interconnection of equipment. The latter is 
the greater source of concern, as most medical 
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instruments are perfectly safe when used alone. 

The basic electrical principles involved in the 
hazard of electrical shock are discussed as well as 
some suggestions for minimizing the hazard. Argu- 
ments for and against the modification of the exist- 
ing Canadian Hospital codes in this area are pre- 
sented.—4saac C. Reese, M.S. 


Duncan, J. G. X-ray detectable surgical swabs. 
Brit. F. Surg., Feb., 1968, 55, 128-130. (From: 
Royal Infirmary, Edinburgh, England.) 


Due to the great difficulty in visualizing an x-ray 
detectable swab left in the abdomen at surgery, swab 
tests were devised to simulate conditions which 
might be obtained in the operating room. 

Two types of monofilament and one type of mul. 
tiflament x-ray detectable swabs were examined. 
Monofilament swabs were visible under all test con- 
ditions. The multifilament swab was adversely 
attected to a much greater degree under test condi- 
tions. 

A discrepancy in the B.P.C. Codex, 1963, Stan- 
dards for x-ray detectable swabs is pointed out 
(2,500 denier for multifilament thread and 4,500 
denier for monofilament thread).—George A. Miller, 


M.D. 


Wituiams, M. Superior intelligence of children 
blinded from retinoblastoma. Arch. Dis. 
Childhood, Apr., 1968, 43, 204-210. (From: 
The School of Education, University of 
Birmingham, England.) 


Basing results on the Williams Intelligence Test 
Scale, a group of children blinded from retinoblas- 
toma were shown to have a significantly higher T.Q. 
than a comparable group of children blinded from 
other causes and a comparable group of normal 
children. 

No satisfactory hypothesis could be established to 
explain the differences in I.Q.—RicAard L. Bauman, 


M.D. 


RADIATION THERAPY 
5corr, Sir Ronatp BoprEv. Acute leukaemia: 
the current therapeutic position. Proc. Roy. 
Soc. Med., May, 1968, 67, 471—476. (From: 
St Bartholomew's Hospital, London, En- 
gland.) 


This President's Address to the Roval Society of 
Medicine surveys the current aims and accomplish- 
ments of the chemotherapeutic regimen for acute 
leukemia. The history of antileukemic chemotherapy 
in the past 2 decades has been one of a succession of 
new drugs, often heralded by extravagant claims and 
by uncritical accounts of their efficacy in the lay 
press. Many have been discarded as ineffective or 
unduly toxic; however, others have gradually 
emerged as useful. 
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Methotrexate, formerly known as amethopterin, 
is the only folic acid antagonist in common use. 
Corticosteriods are administered orally as predni- 
sone or prednisolone. Mercaptopurine is a fairly 
well tolerated purine antagonist. Cyclophosphamide, 
a nitrogen mustard, is activated 77 vivo. Vincristine 
sulphate is one of a number of periwinkle-derived 
alkaloids. A number of other agents were mentioned 
by name but not discussed in detail. 

The drugs in current use have little specificity of 
action, and in general their destructive effects on 
leukemic cells are accompanied by a similar action 
upon other hemopoietic elements. The majority of 
patients therefore have to survive an episode of bone 
marrow aplasia, and in favorable cases this is fol- 
lowed by regeneration of healthy bone marrow. 

The most effective way to use the antileukemic 
drugs had to be learned by experience. The disease 
soon becomes resistant to the drug to which it had 
first remitted and the development of orderly se- 
quential treatment was an obvious step. A few 
years ago it began to be appreciated that some of the 
available agents were more potent in inducing remis- 
sion and others were more effective in maintaining 
it. For instance, in acute lymphoblastic leukemia of 
childhood prednisone and vincristine were most 
effective in inducing remission, whereas metho- 
trexate and mercaptopurine were superior in main- 
taining the remission. The dose, route of administra- 
tion, and interval between doses influence the efh- 
cacy of maintenance treatment, resulting in justifi- 
ably complex treatment schedules and drug com- 
binations. 

A most exciting development has been the dis- 
covery that certain strains of the disease are depen- 
dent on asparagine, which their cells, unlike normal 
cells, are unable to synthesize. If the body pool of 
asparagine is destroyed by treatment with aspara- 
ginase, these cells die. This may represent the first 
breakthrough toward drug specificity. — Rosalind H. 
Troupin, M.D. 


Hurcnison, Georce B. Leukemia in patients 
with cancer of the cervix uteri treated with 
radiation; a report covering the first five 
years of an international study. 7. Nat. Gan- 
cer Inst., May, 1968, 40, 951-982. (From: 
The Department of Epidemiology, Harvard 
School of Public Health, Boston, Massachu- 
setts.) 

A prospective study of patients subjected to 
radiotherapy for cervical cancer was conducted. Pa- 
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tients were followed regularly and peripheral Llood 
studies made at each visit. Twenty-nine collaborat- 
ing radiotherapy centers were used and included 
25,000 patients and a total of 60,000 person-years. 
Four definite cases of leukemia were reported. This 
is not an increase over the expected for the general 
population. Six cases of malignant lymphoma 
were discovered. The general incidence was again 
equal with the findings in the study. One case of 
leukemia was found in a patient with cancer of the 
cervix who received no irradiation. 

The report is very detailed in regards to cases, 
follow-up and statistics. A discussion is given as to 
possible errors in the study. 

No increased incidence of leukemia was found in 
persons who received radiation either externally, 
internally or both in the report.—William Merrell, 
M.D. 


BARRAGUE, JORGE Enrique, MoRGENFELD, 
Marcos Carios, NAVARRINE, EDUARDO 
ADOLFO, and ZerBo, Osvarpo EDMUNDO. 
Hodgkin óseo: estudio clínico-radiológico. 
Casuística. (Osseous Hodgkin’s disease: clin- 
ico-radiologic study. Case reports.) Kev. 
argent. radiol., Apr., 1965, 37, 34745. 


Hodgkin's disease involves the skeleton more fre- 
quently than most other extranodal tissues. Post- 
mortem studies show that as high as 78 per cent of 
patients may be affected in the skeleton before death, 
when microscopic invasion of tissue is included. The 
clinical observation of skeletal Hodgkin's disease 1s 
usually between 10 and 15 per cent. In the authors' 
series there were 26 patients in a series of 250 cases 
who had skeletal lesions. 

The thoracic-lumbar spine constitutes the most 
frequent site of localization followed by ribs, pelvis, 
sternum, large bones, skull, and scapula. 

Considering the pathogenesis, it is conceivable 
that foci of bone arise from hematogenous metastases 
but there is still a possibility that some of these 
arrive as one of multiple foci of origin. There is also 
invasion by local contiguity and regional lymphatic 
spread into bone. 

It should be emphasized that local pain may be 
present, sometimes several months, before the change 
is demonstrated on the roentgenogram. Tomograms 
may help at times. The roentgenologic change mav 
be osteolytic, sclerotic, or a mixture of the two. 

Of 26 patients, 13 were dead within 3 years and 18 
were dead within 5 years.—Charles M. Nice, fr. 
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Any 
minute 
now, 
a professional 
will open 
that door. He 


ill 
be He will be one of our 
X-ray technical repre- 

f sentatives, and within 
ro m his own specialized field 
he is as professional as 

| Ifo rd the radiologist himself. 


We are particularly 
proud of our technical representa- 
tives. We've tried to make certain that 
they are carefully trained to be expert 
in handling the various problems 
which occur from timeto time in every 
X-ray department. And, we have good 
reason to believe we have succeeded. 





TM3MTRAq3ü X-ray processing technology is cur- 
30 rently undergoing dramatic changes. 

| "Full cycle,” “half cycle," and even 

Y90.10IQAR newer developments have reduced the 


total processing time of X-ray film 
from minutes to just seconds. 

Chemistry, processors and film 
have all changed. Ilford technical 
representatives regard these changes 
as challenges to their professional 
know-how and they welcome them. So, 
next time you have a knotty technical 
X-ray problem, call in one of our “tech 
reps". We commend him to vou. 

He is a professional who can not 
only assist you with problem-solving 
but who will be happy to show you 
how Red Seal on Melinex? will per- 
form in your processing system with 
Ilfomat chemicals. 


3& ILFORD INC. 


West 70 Century Road, P.O. Box 288 
Paramus, New Jersey 07652 


1217 East El Segundo Boulevard, 
El Segundo, California 90245 


3566 Elm Street, Hapeville, Georgia 30054 
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SIREGRAPH System Approach 


From its remote control console to the smallest table 


accessory, the SIREGRAPH is the „System Approach" 


to the radiologists’ most pressing problems — how to 
obtain the highest possible consistent quality of 
information and how to make the most efficient use 
of his time. 


Outstanding features include: 

e 90/90 continuously variable speed motor driven 
tilting table 

e Rotating cradle (optional) 

@ Two way power top 


SIEMENS 


e Fully automatic undertable spot film device 
for use with five various cassette sizes 

e Built-in 10/6 SIRECON Image Intensifier with 
television which tracks the X-ray beam through 
all angulations of X-ray tube or table 

@ Routine and special techniques including 
planigraphy and zonography 

€ Choice of recording methods 

from image system 70 — 355 mm or 16 mm cine 


SIEMENS MEDICAL OF AMERICA INC. 
685 LIBERTY AVENUE, UNION, N.J. 07083 
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it should be this big in 1968 


to keep pace with the growing work load 
of your x-ray department. 


Although your present x-ray tube was un- 
doubtedly adequate to meet your original 

requirements, it is quite possible that today 
this x-ray tube is often overloaded as a result of increased 
exposure frequency. Stepped-up numbers of examinations and 
films per study, together with markedly shortened film process- 
ing times, create a condition which requires greater x-ray tube 
capacity. 
B Anticipating this escalation in x-ray exposures, Machlett 
has increased the thermal capacity of all rotating anode 
x-ray tubes, from the Dynamax "HD25" to the Dynamax 
“HD50". In addition, the larger, higher rated tubes such as the 
Dynamax "60" and Dynamax “61" have been made available. 
B Machlett is prepared to assist you In selecting the x-ray 
tube mostadequate for today's work 
loads. Consult your x-ray dealer or 
write to The Machlett Laboratories, Inc., 


to determine which Dynamax rotating 





anode x-ray tube best meets your needs. 
THE MACHLETT LABORATORIES, INC . 1063 Hope Street, 
Stamford, Connecticut 0690/7. 


RAYTHEON THE MACHLETT LABORATORIES, INC. 
& Sussi nitry Of RAYTHEON COM PANY 
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a research concept in nuclear medicine 








Introducing 
new Techneto 


Squibb Technetium 99m 
STERILE GENERATOR 


A FAR SIMPLER GENERATOR ... 

Hooks, hangers, and handles complicate assem- 
bly, so you won't find any on Technetope II. It’s so 
simple that, after the usual aseptic techniques, 
assembly consists basically of two insertions into 
the generator column. Then attach an eluent bot- 
tle, an evacuated collecting vial, and milk. That's 
simplicity. 


... DESIGNED WITH "'T.D.S." IN MIND 

Time: Technetope Il simplicity reduces assembly 
time...keeping radiation exposure to a minimum. 
However, proper radiation safety precautions 
should be maintained at all times. 

Distance: Technetope II allows you to keep your 
distance. You don't have to be constantly near the 
zenerator because it is self-milking. And eluate 
collection is made at the side of the unit — away 
‘rom an unshielded port. 

shielding: Technetope II has another half-value 
ayer of lead shielding—without adding a cumber- 
some dispenser, additional cost, or special con- 
ract. 





In addition, Technetope II is readily adaptable 
o tandem milking which provides high concen- 
rations of ??"Tc per ml.— another Squibb first 
ind exclusive. 
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Technetope I! (Squibb Technetium 99m) Ster- 
ile Generator provides a means of obtaining a 
sterile, non-pyrogenic supply of Technetium 99m 
(""Tc). "Tc, the short-lived daughter (T15 — 6 
hours) of Molybdenum 99 (?*Mo, T1 — 67 hou rs), 
IS obtained from the generator by periodic elu- 
tion. The amount (in millicuries) of °°"Tc obtained 
in the initial elution will depend on the Original 
potency of the generator, while the activity ob- 
tained from subsequent elutions will depend on 
the time interval between elutions. 


Warning: Proper radiation safety precautions 
should be maintained at all times. The column 
containing °°Mo need not be removed from the 
lead shield at any time. The radiation field sur- 
rounding an unshielded column is quite high. 
solutions of °°"Tc withdrawn from the generator 
should always be adequately shielded. The early 
elutions from the generator are highly radioac- 
tive. For radiation protection, a lead shield for 
the collecting vial is included with Technetope II, 


For additional information on this advanced 
generator or the tandem milking technique, 
please use the coupon below. 


I would like to receive full information on: ! 
C Technetope® II (Squibb Technetium 99m) - 

Sterile Generator - 
[J] Tandem Milking with Technetope II i 


Please attach this coupon to your letterhead 
and mail to Medotopes Customer Service Dept., 
P.O. Box #7, East Brunswick, N. J. 08816. 


Squibb Division of Nuclear Medicine 
East Brunswick, New Jersey 08816 
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6 NEW BOOKS FOR 
ROENTGENOLOGISTS 


SELECTIVE RENAL ARTERIOG- 
RAPHY: Its Application to the Diag- 
nosis of Renal Vascular and Parenchy- 
mal Lesions by Ivan L. Bunnell, State 
Univ. of New York at Buffalo. '68, 248 
pp. (6% 9X), 183 il., $18.75 


X-RAY DIAGNOSIS OF CONGENI- 
TAL CARDIAC DISEASE by Larry 
P. Elliott and Gerold L. Schiebler, 
both of Univ. of Florida College of 
Medicine, Gainesville. With a Fore- 
word by Paul C. Hodges. ‘68, 260 pp., 
29] il., 3 tables, $11.50 


HODGKIN’S DISEASE compiled 
and edited by David W. Molander, 
Cornell. Univ. Medical College, and 
George T. Pack, New York Medical 
College. (With 7 Contributors). '68, 
228 pp. (7 X 10), 121 il., 39 tables, 
$15.00 


CANCER THERAPY BY INTE- 
GRATED RADIATION AND OP- 
ERATION compiled and edited by 
Benjamin F. Rush, Jr., and Robert H. 
Greenlaw. Both of Univ. of Kentucky 
College of Medicine, Lexington. With 
a Foreword by Charles Tucker. (With 
40 Contributors). '68, 176 pp. (T X 
10), 58 il., 82 tables, $12.75 


THE FUNDAMENTALS OF X-RAY 
AND RADIUM PHYSICS (4th Ed., 
4th Ptg.) by Joseph Selman, Univ. of 
Texas, Tyler. '68, 498 pp., 306 il., 16 
tables, $10.50 


NORMAL RADIOLOGICAL ANAT- 
OMY: Radiological Optics and Film 
Interpretation by Henry Tillier, Late 
Professor of Radiology, Algiers. Trans- 
lated and edited by Ronan O'Rahilly, 
St. Louis Univ. School of Medicine. 
68, 400 pp., 375 figs., 3 tables, $12.50 


CHARLES C THOMAS * PUBLISHER 


301-327 East Lawrence Avenue 
Springfield > Illinois - 62703 





,OUUIIVI 


Better later than sooner, of course. 
No question of that. 


But how soon will your department 
buy the next new accessory or 

adopt an improved technique—only 
to have someone say, "Hey, I don't 
think it'll work on our table." 


Two years? Three years? 
Maybe next month? 


Not if your table is this one. It's the 





or later you'll have to dump ii 


Profexray Emperor 90-360 table. SO you may never see a real picture 
Probably the most rugged and like this one. At least, not for a 
versatile you can buy today. long, long time. 

And it's not just built to last. It's May we show you an Emperor 90-360 
designed to last. In our book table? We want you to see it, hear 
“obsolescence” is a dirty word. This it, feel it for yourself. All you have 
90* Trendelenberg table will accept to do is phone your Profexray man. 


any accessory you can hang on it 


Maybe, in this case, 
now. And we've tried to think of Sco bna. ort LH Litton Med ical Prod ucts 


V ing ig Ww ti P 
everything you might want to than later. A Litton Industries Gre 


hang on it later. 915 East Touhy Avenue » Des Puer illinois 5f 2018 , 








SCHONANDER 
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cutfilm changer 





Twenty years ago Schonander was already building 
automatic units for rapid serial radiography. The first 
nodel was a cassette changer for standard metal 
-assettes. The development went via special lightweight 
sassettes and rollfilm to a system using Cassette-less 
standard cutfilm. 


Here are some of the features which have led to the fact 
that most American radiologists today call their film 
changers ‘’Schonanders”. 


Diagnostic Accuracy 


m High power of resolution allows studies of fine anatomi- 
cal details in full size radiograms. ™ Large exposure angle 
permits optimal exposure factors and makes angiographic 
examinations of heavy patients possible, even at 6 pictures 
per second. m Alternate, synchronized exposures in biplane 
operation keeps scattered radiation fog at lowest possible 
level. m Edge-near exposure field allows proper patient 
positioning in all cases. 


Time-Saving Operation 
m The Cassette-less cutfilm system offers unmatched con- 


venience and speed in loading, unloading, taking of test 
pictures, processing and viewing. 


Universal Application 


m= Exposures on 14" x 14" or 10" x 12" film size at ex- 
posure rates from 6 pictures per sec. to 1 picture in 5 sec, 





Anderson 020320 


with versatile programming facilities, covers the whole field 
of vascular examinations. 8 Compact physical dimensions 
make the Schonander Cutfilm Changer adaptable to vari- 
ous kinds of examination tables. m Each film changer is a 
separate unit allowing either single or biplane application. 
m Single plane equipment converts easily to biplane. m 
Economy type exposure rate selector available. 


Automatic Film Marking 


m Consecutive numbering or time-marking and patient iden- 
tification on each film. 


Installation and Service 


Every Schonander dealer is supported and assisted by our 

. . . . . . e r 
expanding technical service staff in the installation and 
servicing of all Schonander equipment. Comprehensive 
overhaul service and upgrading of older style film changers 
using factory procedures is available in our well equipped 
Mount Prospect service shop. 


For more details, contact your X-ray dealer or write: 










ELEMA-SCHONANDER, INC. 
P O. Box 130, Mt. Prospect, IIl. 60056 
Telephone: (312) 259-7206 


ELEMA-SCHONANDER 
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assayed. 


prior to x-ray. 


The preferred bowel evacuant — senna, purified and biologica 


Clinical studies, based on 385 in-patients and 105 out-patien 
establish the efficiency and safety of Roenten as a bowel evacué 


' Choice in Cleansing Strengi to Meet Varialde Patient Cau 


-Gram Strength 


ioenten 2 


tains 2 grams of the active in- 
lient Senna (Cassia angustifolia) 
30 gram (1 oz.) dose. Found by 
vis, et al! to be comparable to 
‘or oil in effectiveness as a bowel 
nsing agent for radiography under 
vital control conditions. 


vis, Charles W., et al, RADIOLOGY, 
. 76, No, 4, Pages 642-643, April 
ìl 


DEPENDABLE 





| CONTENTS 
ONE DOSE 


Roenten 





NDABILITY: The preferred bowel evacuant, senna, puri- 
ind biologically assayed — in suspension assures rapid 
complete bowel evacuation. Incidence of continuing 


| reduced. 





30 GRAMS CONTENTS 


BRAYTEN — BRAYTEN 
PHARMACEUTICAL CO- 
a, Tennessee 37409 





Purified and Biologically Assayed, Cassia 
Angustifolia Senna Leaflets Blended with 
Agreeable Flavoring Agents. 


Usual Dosage Directions 


Contents of one container (30 Grams) 
Stirred into three-quarters glass of milk 
or water, as physician directs, to make 
a readily acceptable drink which is the 
adult dose. Children take proportion- 
ately less as directed by the physician. 
When used to prepare for diagnostic 
X-ray it is taken at 4 or 7 P. M. 
(NO SUPPER) of the preceding day as 
directed. 


CAUTION: Not to be used when abdomi- 
nal pain, nausea, vomiting or other 
symptoms of appendicitis are present. 


IMPORTANT: Frequent or prolonged use 
of this preparation may result in de- 
pendence on laxatives. 


Samples for clinical evalua- 
tion supplied on request. 


30 GRAMS 
ONE DOSE 


Roenten 


3-Gram Strengt 


Roenten 


Contains 3 grams of the active 
gredient Senna (Cassia angusti! 
per 30 gram (1 oz.) dose for 
more difficult cleansing prob 
and variable contro! conditions. 


PHARMACEUTICAL CÓ- 
attanooga, Tennessee 37 





ACCEPTABILITY: The contents of one 30 gram con 
(1 oz.) stirred in 34 glass of water or milk as you | 
makes an attractive, really pleasant tasting, cho 
flavored non-oily suspension — invites the patient to 
the full dose, 


Sirayten PHARMACEUTICAL CO. 


Division of Chattem Drug & Chemical Company 
1715 W. 38th St., Chattanooga, Tenn. 37409 
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No two ways 
about redi-FLOW 


(Gastric Suspension Barium Sulfate 30% w/w) 






It's the pre-mixed, 





“fers A 


S GASTRIC SUSPENSION — 
redi-FLOW 


BARIUM SULFATE 30% WM 


stable suspension, 
barium-in-a-can 


that's always the same. 





No two ways about redi-FLOW™ (gastric suspension barium sulfate). 
It's always the same. Get the picture you want with the same patient at 
later dates because there is no variable factor in the mixing. redi-FLOW™ 
(gastric suspension barium sulfate) is always ready-made to the same 
specifications of barium content, of specific gravity, of suspension, and 
of flow properties—day after day, month after month. It flows evenly 
as a consistent, uniform column of barium—doesn't precipitate in gastric 
fluid or small bowel. Your patients will love it. But don't let them have 
all the pleasure... try some yourself... it tastes like a good milkshake. 
No two ways about it—you'll like redi-FLOW™ (barium sulfate sus- 
pension). Test it by using the coupon. 


FLOW PHARMACEUTICALS, Inc. 


\ 
| Subsidiary of Flow Laboratories, Incorporated 
1070 Linda Vista Avenue, Mountain View, California 94040 
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Send redi-FLOW™ (gastric suspension barium sulfate , 30% w/w) samples to: 





Name 





Address 


City State Zip 
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good reasons 


why you should 
use Hunt in 


your X-ray 
department 





HUNT is the only photographic chemical manufacturer with two developers for 


90-second film processing . . 


. and a unique program that frees your processor to 


achieve films with the diagnostic quality of manually developed films (5 minutes at 
68^F). What do we mean when we talk about quality? The quality we strive for is — 
the achievement of more information on the film to assist the radiologist in the great 
modern detective story that diagnostic film reading isa part of. Hunt chemistry, service 
and technical knowledge can be one of the most important factors in increasing your 
department's film production and achieving consistent films with the ultimate in 
sensitometric response. Here are the details on the products and services of the Hunt 
Flexible Processing Program for 90-second X-ray film developing. 


1. HUNT HAS THE PRODUCTS 

Hunt Premium 90/90 Developer & Replen- 
isher is a premium ultra-concentrated chemistry for 
those hospitals who wish to process their 90-second 
medical x-ray films at the lowest developer temper- 
ature of any product offered to the profession. The 
use of Hunt Premium 90/90 eliminates the need for 
water injection systems and wetting rollers in auto- 
matic processors and is recommended where temper- 
ature control of incoming water of above 90°F is a 
problem. Premium 90/90 provides the highest con- 
trast and maximum density available of any chem- 
istry on the market. 

Hunt Ultra-Mat Developer and Replenisher 
is a universal chemistry for processing medical x-ray 
films at the normal temperature ranges accepted for 
all time cycles — 90 seconds, double capacity and 7 
minutes. This versatile chemistry has been formulated 
to meet the speed and contrast levels inherent in the 
film of your choice with the lowest possible fog 
level. Ultra-Mat Developer and Replenisher contains 
the unique new molecule Cycon (Patent Pending) 
created by Hunt research to more effectively solu- 
bilize the chemical ingredients. The benefits of a 
considerably smaller (half the size), lighter (less than 
two-thirds the weight) package, designed to dispense 
easily in a fraction of the time formerly required, 
creates a foolproof mixing procedure for X-Ray 
Departments. 

Both Premium 90/90 and Ultra-Mat offer you the 
benefits of a lighter, smaller package, designed to 
dispense easily in just a fraction of the time formerly 
required — a foolproof mixing procedure. 


2. HUNT HAS THE OBJECTIVE VIEWPOINT 
When a Hunt sales representative or service en- 
gineer is helping your department, you can rely on 
his objective analysis of your problems. He knows 
you can achieve outstanding results with all 90- 
second films on the market by using Hunt chemistry. 
This flexibility is the basis of his review of your 


department's needs... and his recommendation to 
use either Premium 90/90 or Ultra-Mat. Hunt analysts 
will help determine how you can achieve more infor- 
mation from your films. Whether your objective is 
high contrast radiographs or films with longer tonal 
range... Hunt has the answer. Since our business is 
the manufacture of processing chemistry only and 
with no vested interest in films — you can rely on the 
objectivity of Hunt recommendations. 


3. HUNT HAS THE RESEARCH 

Both Ultra-Mat and Premium 90/90 are the result 
of a dramatic development made possible in the 
Hunt Research Laboratory — Cycon. It is a new syn- 
thesized molecule that breaks the solubility barrier 
present in conventional powder farmulations and 
even in liquid developers. Cycon makes it possible 
for the first time to manufacture a true ultra-concen- 
trated liquid developer that comes in a smaller 
lighter package. We know doctors don't lift cubi- 
tainers — but the reason we miniaturized Hunt Pre- 
mium 90/90 and Ultra-Mat was to eliminate the 
age-old question, “Was the chemistry mixed right?" 


4. HUNT OFFERS CONTROLLED FLEXIBILITY 

Hunt guarantees (with proper adjustment to your 
processor and with the use of Hunt Chemistry) that 
you can achieve archival 90-second films equal or 
superior in density and contrast to films processed 
for 5 minutes at 68?F. To prove this Hunt recom- 
mends that you have 2 films exposed under identical 
conditions. Take one film and hand develop for 5 
minutes (along with a Hunt test strip) at 68^F 
achieve your ideal sensitometric response. A Hunt 
service engineer will then produce a film (in 90 
seconds) with the same sensitometric response as 
the film manually developed for 5 minutes at 68°F. 
This is accomplished after a Hunt Processor Tune-up 
by Hunt service engineers. 

Hunt also has the knowledge to give your pro- 
cessor even greater flexibility. For example — let's 


suppose a hospital x-ray department wishes to run 
90-second films and mammography films. By a push- 
button controlled adjustment to time and tempera- 
ture, Hunt service technicians can show you how to 
run both 90-second films and non-screen films 
through the same processor. 


5. 60 SECOND PROCESSING 

For hospitals that require a film capacity above 
and beyond the processing speeds of 90 seconds, 
Hunt service engineers can convert certain proces- 
sors to 60-second processing. By increasing the speed 
you can produce up to 50% more films (with an 
average of 525 films per hour out of an M-6). 


6. HUNT OFFERS A "PROCESSOR TUNE-UP” 

AND “SAFETY CHECK” 

The Hunt package of product and service includes 
a unique maintenance program of machine adjust- 
ments and safety checks. Hunt can zero in your 
processor to produce consistent results. The films 
you automatically process will be the equivalent of 
hand processed films in terms of fog, speed, average 
contrast and top density. 

Hunt service engineers will perform a series of 
safety checks of your dark room facilities, safe lights 
and any other possible procedural malfunctions that 
could affect film processing. By removing the vari- 
ables Hunt puts you further along the path toward 
the most information on the viewbox. 


7. HUNT PERFORMS THE “PEACE OF MIND” 
TEST 
Hunt will also perform residual thiosulphate tests 
according to ASA standards to determine the archival 
quality of the film a hospital x-ray department is 


producing. We feel it offers radiologists peace of 
mind because they know that any films stored for 
future diagnostic reference will remain clean and 
clear. 


8. HUNT KEEPS YOUR PROCESSOR CLEANER 

In the cleanliness of its products and the thorough- 
ness of its maintenance service, Hunt will keep your 
processor in top working condition. — Hunt service 
engineers perform a regular schedule of machine 
clean-ups and check-ups that promotes longer ma- 
chine life. 


9. HUNT HAS BACK-UP SUPPORT 

Behind the research and manufacture of Hunt 
products is a staff of trained trouble-shooting chem- 
ists. Operating from the Hunt Technical Services 
Laboratory they offer Hunt customers quick action 
to assure complete consistency, efficiency and ac- 
curacy of processing in your department. 


10. HUNT OFFERS A SILVER RECOVERY 
PROGRAM AT THE SOURCE 

Now you can have direct control of silver recovery 
by the installation of a maintenance-free unit. It is 
put into operation in a matter of minutes, requires no 
electrical hookup, operates continuously and noise- 
lessly — and puts the control in the hands of each 
hospital x-ray department. 


We would welcome the opportunity to demon- 
strate in your own department the full capabilities of 
the Hunt Flexible Processing Program. For a complete 
“no obligation" analysis of your department's pro- 
cessing needs fill in and mail attached card. 


PHILIP A. HUNT CHEMICAL CORPORATION 
Palisades Park, New Jersey 07650 


YES, I’m interested in a processing survey of our X-Ray Dep 
ment's needs. Please have your sales representative call. 


D — RN S 


POSTI ——— "E 
Address 





^o ——————— | | ( eer n 





PHILIP A. HUNT CHEMICAL CORPORATION 
Palisades Park, New Jersey * Branches in Principal Cities * PHILIP A. HUNT COMPANY (CANADA) LTD. 
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USINESS REPLY CARD 


| postage stamp necessary if mailed in the United States 


hilip A. Hunt Chemical Corporation 
alisades Park, N. J. 07650 
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We don't know. That's why our prices are competitive 
...even though we're the largest Film Badge 
Service in the nation, and the acknowledged leader 
in the field of radiation safety. 

But we don't charge a premium for leadership. 
We pay a price. We work harder . . . at Innovation, 
research, customized service. Some people call this 
the penalty of leadership. 

We consider it a privilege. 

We're not only experts, we're zealots and crusaders 
in the field of radiation safety. That's why we 
pioneered personnel dosimetry. How we became 
the leader. 

And we're sure that we'll never lose our leadership 
If we keep on setting standards and criteria for the 
entire field. It will just naturally follow. It always has. 

We'd like to show you why. 


K^sL nad 
d JR. & CO. 


A DIVISION OF TECHNICAL OPERATIONS, INCORPORATED 


X Landauer and Health & Safety Services 





Glenwood Science Park, Glenwood, Illinois 
New England Eastern Midwestern Western 
Northwest Industrial Park 103 Bayard Street 3920—216th Street 10125 W. Washington Blvd. 
Burlington, Mass. 01803 New Brunswick, N. J. 08901 Matteson, Ill. 60443 Culver City, Calif. 90230 


Phone: 617—272-2000 Phone: 201—246-1900 Phone: 312— 748-7900 Phone: 213— 839-3432 
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Breakthrough 


... new filing /storage / retrieval systems eliminate 


costly, time consuming manual filing procedures — 


AUTOMATICALLY 


Increasing patient loads and a growing 
variety of diagnostic procedures demand 
greater efficiency in your radiology depart- 
ment. The bottleneck, the most trouble- 
some, and yet one of the most necessary 
duties has always been filing, storage 
and retrieval of radiographs. Until now 
filing systems haven't kept up with rapidly 
improving diagnostic equipment. 

General Electric has broken the anti- 
quated film filing barrier! 

Two new systems now provide auto- 
mation to the file retrieval tasks of radi- 
ology departments. MONOSCAN permits 
absolute random placement of files into 
a linear array of shelving and provides 
automatic electro-optical search and ejec- 
tion of any one or more files by keyboard 
operation, punch card, magnetic or paper 
tape. Retrieval is accomplished with great 
speed, accuracy and minimum manpower. 
Monoscan is particularly applicable to 


high activity files. MONOTRIEVE is ap- 
plicable to medium to low activity files. 
It is an automatic, electronic, bulk storage 
and retrieval system which provides 
exceptional space utilization. Files are 
stored in bulk cradles arranged in double 
linear banks as high and as long as the 
physical area permits. The files in their 
cradles are brought by keyboard com- 
mand to an operator seated at a control 
console. 

Both systems feature high reliability 
solid-state components on plug-in glass 
epoxy, gold plated printed circuit boards. 
Of significant importance is the fact that 
both systems are relatively simple to op- 
erate. No extensive training is required; 
only the ability to read. 

Your hospital administrator will also be 
interested in these automated filing sys- 
tems. Call your local General Electric 
representative for complete details. 


Progress is our most important product 


GENERAL @@ ELECTRIC 


MILWAUKEE, WISCONSIN 53201 


X-RAY DEPARTMENT * 
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a research concept in contrast visualization 


for clear definition of disease: 


this oral medium is the message... 


Oragrafin* Calcium (Squibb Calcium Ipodate) visu- 
alizes the gallbladder and ducts quickly and clearly 
with few undesirable reactions. For rapid or routine 
studies of the gallbladder and biliary ducts, 
Oragrafin permits efficient absorption for maxi- 
mum concentration and excellent contrast — with 
bowel residue in only a small percentage of pa- 
tients and few patient problems. 


Oragrafin (Squibb Ipodate) in radiography — an 
advanced medium of biomedical communication. 
According to McLuhan's! provocative new theories 
of communications, all media are considered "ex- 


tensions of man"—the means by which he extends 
his understanding and control of the universe and 
himself. In biomedical communications, where man 
monitors the diverse processes of molecular and 
cellular change, modern contrast radiography is 
an advanced medium. 


Today, in cholangiography and cholecystography, 
as the medium becomes increasingly oral, the diag- 
nostic message is clear, rapid, and convenient with 
Oragrafin (Squibb Ipodate). 


For summary of contraindications. precautions, and 
side effects, see end of this advertisement. 





the medium: 


Oragrafin 

Squibb Ipodate 

the message: 

maximum concentration... 
excellent toleration 


high absorption index— "No one will dispute the 
statement that the diagnostic reliability of oral 
cholecystography depends upon the degree of 
absorption of the contrast medium employed."* 
Radioisotope studies with ipodate sodium show a 
markedly improved absorption index (approxi- 
mately 70 per cent) with no increase in the toxic 
properties.* 


excellent opacification — "In addition to its ease of 
administration and safety, its principal advantages 
are a high yield of diagnostic films..." 


less bowel residue — "Incomplete and variable ab- 
sorption of a cholecystographic agent is not desir- 
able, for the opacification of the gallbladder is then 
less dependent on the status of the gallbladder and 
more a reflection of the percentage absorption." * 


"Opaque material in the bowel was found in 46 per 
cent of [105 patients in]the... [iopanoic acid] group 
as compared with 9 per cent of those [99] of the 
[Oragrafin Sodium Capsules]...group. ^ In 
another study, 49 of 100 patients receiving iopanoic 
acid had residue in the gastrointestinal tract, while 
only 15 of 100 patients receiving Oragrafin Sodium 
Capsules had such residue.” 


no evidence of nephrotoxicity, infrequent side 
effects—In contrast to findings with other chole- 
cystographic agents, Lewitan and Garcia® reported 
in their 246-patient study: "With ipodate calcium... 
there was no clinical evidence of immediate or 
delayed nephrotoxicity in any of the patients given 
it...."* To study possible renal toxicity, "Creatinine 


clearance tests were also done before and after 
administration of multiple doses in excess of 6 gm. 
in 8 cases, and showed no significant alterations. ° 
However, "Multiple doses beyond 6 gm. are not 
recommended.” 


In their study of 120 patients, Glenn and O'Brien 
reported "...no reactions in this series of patients 
attributableto the administration of [Oragratin]...."? 


And. McCrory reported that Oragrafin Sodium 
and Calcium was “...used routinely in cholecysto- 
graphic studies in approximately 2000 patients with 
excellent diagnostic films and only rare and mild 
reactions.”” 


fewer side effects than iopanoic acid — According 
to White and Fischer,* 36 (36.4?/0) instances of 
side effects occurred in 99 cases with Oragrafin 
Sodium, 3 Gm. compared with 87 (82.99/;)) in 105 
cases with iopanoic acid, 3 Gm. Kinds of side 
effects noted were nausea, vomiting, diarrhea, 
cramps and dysuria—all less frequent with 
Oragrafin Sodium (Squibb Sodium Ipodate). 


Juhl.? in his study of 200 patients (100 on iopanoic 
acid and 100 on sodium ipodate), found that the 
incidence of nausea and vomiting was equal in the 
two groups.” 


Oragrafin (Squibb Ipodate) dosage schedules 
Oragrafin (calcium or sodium ipodate) permits 
overnight cholecystography and cholangiography. 


Films of the - 





Gallbladder Films Gallbladder 
and 
| Biliary Ducts _ 
11 P.M. 6 Capsules OR 1 packet of 6 Capsules 
(or 12 Granules (or 1 packet 
Capsules) (or 2 packets) of Granules, 
if preferred) 
and 
next 7 1 packet 
morning of Granules 
8 A.M. 
9 A.M. Visualization Visualization Visualization 
of gallbladder of gallbladder of ducts and 
E gallbladder 
10 A.M. 
11 A.M. m 


For summary of contraindications, precautions, and side 
effects, see next page. 





speed and convenience of 
Oragrafin: 
Calcium 


Granules 
Squibb Calcium Ipodate 


new clinical study? demonstrates improved diag- 
noses with calcium ipodate —"A group of 114 pa- 
tients with poorly filled gallbladders after routine 
administration of iopanoic acid were given 6 gm. 
of [calcium] ipodate granules immediately follow- 
ing their routine cholecystography. In 66 per cent 
of these patients opacification of the gallbladders 
was obtained within 3 hours, allowing a definite 
diagnosis. Of the remaining 33 per cent, one-half 
were ultimately proven diseased." "It is apparent 
that many poorly visualized gallbladders can be 
rendered visible by the ingestion of ipodate gran- 
ules.... A whole day may be saved and other diag- 
nostic studies may be performed."? 


patient convenience— Routine cholecystography 
night-before procedure is easy for patients to fol- 
low; palatable granules further enhance patient 
acceptability. Rapid clearance of medium permits 
Same-day administration and gallbladder and duc- 
tal films, and if necessary, Same-day re-examina- 
tion; reduces need for I.V. studies. 


rapid absorption permits Same-day re-examination 
—To determine the cause of nonopacification after 
routine cholecystography using 6 capsules, physi- 
cians may require re-examination by repeating the 
procedure at a later date (sometimes doubling 
dose to 12 capsules), or by administering more 
agent the evening of the first unsuccessful exam- 
ination (again sometimes doubling dose to 12 Cap- 
sules), and repeating the study the next day. “The 
advantage of the calcium ipodate method is that 
the examination can be completed in five addition- 
al hours with a limited dose of contrast agent."? 


"a valuable medium for peroral cholegraphy”*® — 
Rapidly absorbed from the gastrointestinal tract, 
calcium ipodate has been reported by some inves- 
tigators to be diagnostically superior to other Oral 
cholangiographic contrast agents.'°'! With care- 
ful timing of the examination and the use of tomo- 
grams or laminograms, the frequency of good 
results can approximate that obtained with intra- 
venously administered agents.'? According to 
Lewitan and Garcia,^ the medium's relative safety 
makes it a valuable medium for peroral chole- 
graphy. Timesaving and economical Oragrafin Cal- 
cium Granules may be particularly useful in certain 
patients for whom I.V. radiography presents poten- 
tial hazards, such as elderly patients and those 
with cardiovascular disease. 


Unique among oral media, Oragrafin Calcium 
Granules permits same-day films of the gallbladder 
and the ductal system. 


dosage schedule for films of gallbladder and duc- 
tal system 


8 A.M. 2 packets of granules 
9 A.M. visualization of ducts 
10 to 11 A.M. visualization of gallbladder 


Contraindications: Contraindicated for persons sensitive 
to oral iodine compounds or for patients with combined 
renal and hepatic disease or severe kidney impairment. 
Gastrointestinal disorders, which may interfere with 
absorption, or liver dysfunction, which may result in 
inadequate biliary secretion of medium, are likely to 
result in unsatisfactory visualization. 


Precautions and Side Effects: Mild and transient nausea, 
vomiting, or diarrhea sometimes occur; but the inci- 
dence can be reduced by using the calcium granules 
and restricting the dosage to 3 Gm. Transient headache, 
dysuria, or abdominal pains may occur, 


Hypersensitivity reactions may include urticaria, serum 
Sickness-like reactions, and rarely anaphylactoid shock. 
They are more likely to occur in the individual with a 
history of allergy, asthma. hay fever, or urticaria and in 
the individual who is known to be hypersensitive to 
iodine compounds. Antihistamines and corticosteroids 
are used to control hypersensitivity reactions; but the 
occasional serious anaphylactoid reactions require the 
immediate use of epinephrine or phenylephrine, oxygen, 
and intravenous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Calcium Granules) 
is available in single-dose foil packets providing 3 Gm. 
of calcium ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in capsule form 
(Oragrafin Sodium Capsules) providing 0.5 Gm. sodium 
ipodate per capsule. 


References: 1. McLuhan. M.: Understanding Media: The 
Extensions of Man, New York, McGraw-Hill Book Com- 
pany, 1966. 2. Sanen, F. J.: Amer. J. Roentgen. 88:797 
(Oct.) 1962. 3. Glenn, J. C., Jr., and O'Brien, P. 5. 
Southern Med. J. 56:167 (Feb.) 1963. 4. White. W. W., 
and Fischer, H. W.: Amer. J. Roentgen. 87:745 (April) 
1962. 5. Juhl, J. H., et al.: Radiology 80:87 (Jan.) 1963. 
6. Lewitan, A., and Garcia, J. F.: Amer. J. Dig. Dis. 
10:219 (March) 1965. 7. McCrory, E.: J. Tenn. Med. Ass. 
58:258 (Aug.) 1965. 8. Root, H.: Amer. J. Roentgen. 107: 
621 (Nov.) 1967. 9. Crummy, A. B.: Wisconsin Med. J. 
65:84 (Feb.) 1966. 10. Saltzman, G. F.: Acta Radiol. 54: 
417, 1960. 11. Ludin, H.. and Lauchenauer, C.: Schweiz. 
Med. Wochenschr. 90:471, 1960. i 
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Oragrafin: 
Squibb Ipodate 


SQUIBB 
‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. i! ee 





POSTERIOR R 


LEFT LATERAL 


In suspected brain pathology, 
find out fast with Pertscan-99m 


For brain scanning, Pertscan-99m provides 
more information with less radiation to the 
patient than any other related cerebral test— 
whether other radioisotopes or x-rays. And you 
get each projection fast—as little as 2 minutes 
with a camera, 15 minutes or less with rectilin- 
ear scanners. 


A 54-year-old man was hospitalized with pro- 
gressive weakness of the right side, followed by 
seizures of the right side (Jacksonian seizures). 
Brain scans showed an abnormal concentration 
of isotope in the left parasagittal area. Surgery 
revealed a meningioma, which was removed, 
and the patient recovered. 


The 2 scans above, showing the marked ab- 
normal uptake (which turned out to be a meni- 
gioma), were made with Pertscan-99m. This 
product is shipped Monday through Friday—and 
Sunday. Thus, brain scans can be scheduled 6 
days a week—Monday through Saturday. 


INDICATIONS: Adjunctive diagnostic aid in detecting 
and localizing intracranial neoplastic (primary or 
metastatic) and non-neoplastic lesions. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to 
persons less than 18 years old unless the indications 
are very exceptional. 


PRECAUTIONS: Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as all 
personnel; to prevent extracranial contamination be- 
cause this can lead to erroneous interpretation; and 
to differentiate areas of abnormal activity from areas 
of normal vascular activity. 


Pertscan-99m 


SODIUM PERTECHNETATE Tc 99m 
Also available: 


Pertgen-99m 


TECHNETIUM 99m GENERATOR KIT 
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Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 811464 
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If it's a pulmonary problem, Macroscan-131 pictures it! 


A 50-year-old man was hospitalized after complain- 
ing of vague chest pains. Shortly after, he suffered 
a cardiac arrest. An EKG showed no evidence of 
cardiac infarction. A lung scan revealed a de- 
creased concentration of isotope in the right lower 
lobe. This was diagnosed as a pulmonary infarct, 
therapy was instituted, and the patient recovered. 

His scan above, showing the marked diminished 
uptake, was made with Macroscan-131. This prod- 
uct has many diagnostic uses: 


Pulmonary embolism, suspected: To confirm (or 
rule out) its occurrence. 


Chronic pulmonary tuberculosis: To estimate uni- 
lateral and regional function and perfusion of the 
lungs. 

Emphysema: To evaluate the decreased regional 
blood flow that occurs with obstruction of vessels. 


Pneumonitis: To evaluate the decreased regional 
blood flow that occurs without obstruction of ves- 
sels. 


Lung Tumors: To evaluate the regional ischemia 
resulting from compression or obstruction of pul- 
monary arteries. 


Surgery and/or other therapy for lung disorders: 


To evaluate the effectiveness of therapeutic meas- 
ures. 

Macroscan-131 is sterile and non-pyrogenic. It is 
ready to use and should not be heated prior to use. 


INDICATIONS: For scintillation scanning of the lungs to 
evaluate total, unilateral, and regional arterial perfusion 
of the lungs. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to per- 
sons less than 18 years old unless the indications are 
very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken to 
administer the minimum dose consistent with safety and 
validity of data. The possibility of an immunological re- 
sponse to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in 
acute cor pulmonale, because of the temporary small ad- 
ditional mechanical impediment to pulmonary blood flow. 
A possible case of urticaria has been related 
to a similar preparation. The thyroid gland 
should be protected by prophylactic admin- 
istration of concentrated iodide solution. 


Macroscan-131 


AGGREGATED RADIO- IODINATED (1'3) ALBUMIN (HUMAN) 
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TM—Trademark. 


Abbott Laboratories, S.A., 2, rue Thalberg, 1201 Geneva, Switzerland 
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OW! 
Mallinckrodt/ the T3-Test 
Nuclear with lon; 


TBI-25, with iodine-125, is the T-3 
test of choice that you can use now 
or a month from now. Stock it today. 
It's ready when you need it. 


TBI-25 and TBI... Your Choice 
TBI-25 with iodine-125 and TBI with 


Mallinckrodt 





RADIOPHARMACEUTICALS 
MALLINCKRODT CHEMICAL WORKS 
Box 10172 * Lambert Field 
St. Louis, Missouri 63145 
Atlanta * Chicago * Cleveland 
Los Angeles * New York * Montreal 





iodine-131 are both available to meet 
your individual T-3 requirements. 
The TBI family, with direct measure- 
ment of binding site uptake, offers 
a high degree of accuracy and takes 
less technician time. Write for full 
information and new TBI booklet. 


See our other new products 


at the RSNA meeting 





PHILIPS 
universal 
scintillation 
scanner 
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pan Spleen Scan 

3— Male/Age: 43 years 

s - 

- Case history: Thorotrast angio- 
- graphy in 1942. Partially para- 


arterial injection which resulted in 
storage of thorotrast in the 
s — x e» i | Spleen and surrounding soft 





|? mM 
bi dd 
1 


tissue. 
The thorotrast is visible in spleen 
is and some other soft tissue on 
om m - OU/c0I9 1X the radiograph (see backcover. 
NS oes -= = | right). A scan examination is made 
—-- — ʻ | | with denatured erythrocytes (heat 
i - | | damaged) labelled with hexava- 
| 
| 


ESRI 
l 


Hid 
l 
| 


T 
| 


/ lent Cr 51 (see colour scan and 
photo scan, backcover left). 





- l | | Scintiscan: Practically no regis- 
os j tration (sequestration) of 

— zi » n erythrocytes in the spleen. Due 
l | to this the larger part is stored 








in the liver. 
Test dose: approx. 200 «Ci Cr 51 






Station 





channels 

Light control unit: count rate 
12 counts/sec. 

cut-off 30% 

| Scan speed: 30 cm/min. 


Scanner settings 
Collimator: type XL 6007, 19 
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PHILIPS 


In the U.S.A , apply to 

North American Philips Company inc 
100 East 42nd Street 

New York, New York 10017 
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Philips Scintillation Scanner produces scintigrams in colour 
ack and white and photoscans, either separately or simultaneously. 
ining may be in the horizontal, vertical as well as all 

mediate planes. The scans are of high contrast thanks to 

tive lead shielding of the scintillation detector, high resolution 
channel collimators and the use of a channel discriminator. 

ce can be made of a 134", 3” or 5" scintillation detector. 


ge 
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intigram showing that thorotrast located as in radiograph (right), Radiograph showing thorotrast in spleen and some other s¢ 
uses blockage of the up-take of hexavalent Cr 51 - labelled 
natured erythrocytes to the spleen. 


Best idea yet for teaching... 
3M X-RAY PHANTOMS 





Adult human bones embedded in transparent, nongranular plas- 
tic. Specific gravity, atomic number, absorption and secondary 
radiation-emitting characteristics are virtually identical with liv- 
ing tissue. Alsoavailable: A 24cm x 22cm tissue-equivalent Step 
Wedge for comparative studies (shown at lower right). 


Important uses for 3M Phantoms 












. All studies normally requiring exposure to humans. 

2. Teaching skeletal anatomy and its relation to surface 
marks. 

3. Demonstrating preferred radiographic positions. 

4. Demonstrating and measuring density, detail, 
distortion and contrast. 

9. Determining optimum exposure technics — especially 
Cineradiographic, Planographic, Photofluorographic, 
Mammographic and Seriographic. 

6. Testing X-ray apparatus including grids, films, 

screens, etc. 


TOMOGRAPH USERS 
SEE THE NEW TOMOGRAPHI(¢ 
PHANTOM IN OUR EXHIBIT AT 
THE RADIOLOGY MEETING 


Photographic 
Products 
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VIEWS 
FROM 
PHILIPS 


MICROCURIEMETER.- 


Indispensable adjunct to the instrumentation 
of medical, radiochemical and radiobiological 
isotope laboratories. 


Used in combination with a well-type ionization 
chamber the Microcuriemeter gives accurate, 
direct measurements of the activities of 
preparations of thirteen selected radio-isotopes. 


Technical data 


Its eleven ranges cover activities from a few siot 
microcuries up to a thousand millicuries. There is e 


provision for measuring other isotopes than those 
calibrated. Activity measurements of radium 
needles and the contents of e.g. injection syringes calibrated for: 
are also within its scope. The simple, accurate 

measuring principle is exclusive to this versatile 

high-class, direct reading instrument; it is 

particularly appreciated in drawing up the routine 

weekly inventory of isotope stocks. Accuracy 





max. scale deflections 


; 0.01 mC 1 mC 100 mC 


0.03 mC 3 mC 300 mC 
0.1 mC 10 mC 1000 mC 
0:3. mC 30 mC 


y radiating isotopes 
Cr - 51 (x10) Sr - 85 
Tc 


Co- 58 - 99m (x10) 
Fe -59 | - 131 
Co - 60 Gs- 137 
Ta - 182 Au - 198 


Hg - 197 (x10) Hg - 203 
B radiating isotope: P-32 (x0:1) 


: error less than 395 





Detailed information and brochures from your mU 


national Philips organization or agent, as well as A 
from: Philips, X-ray & Medical Equipment Division, CH DH | LI DS 


Eindhoven - the Netherlands. 


In the U.S.A., apply to: North American Philips Company Inc. 
100 East 42nd Street, New York, N.Y. 10017. 
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SHM NUCLEAR 


ANNOUNCES 
AN ALL NEW 


LINEAR ACCELERATOR 
FOR 
RADIO THERAPY 


PRODUCING: 
4 MeV 


350 R MINUTE 
40cm x 40cm FIELD AT | METER 


WITH: 


FULLY MOTORIZED VERTICAL 
MOUNTING SYSTEM 


3mm FOCAL SPOT, MINIMUM PENUMBRA 


FOR MORE INFORMATION WRITE OR CALL: 


SHM NUCLEAR 


CORPORATION 
5688 SAN XAVIER 
SUNNYVALE, CALIFORNIA 94086 
(408) 245-3136 
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ADVANCES IN DY- 
NAMIC RADIOAC- 
TIVE SCANNING 


Compiled and edited by Yen Wang, 
Univ. of Pittsburgh, Pennsylvania. 
(10 Contributors) Newly developed 
techniques and. applications in dy- 
namic scanning with radioactive nu- 
clides are described. Various possible 
future development and applica- 
tions in the usage scanning system, 
theoretical and technical considera- 
tions of high resolution gamma 
image scanning, and information 
theory applications in radioisotope 
scanning are discussed. 5ome recent 
applications of thyroid scanning 
using gamma camera, parathyroid 
scanning, and pancreatic scanning 
are included. A separate chapter is 
devoted to recent progress made in 
radiopharmaceutical development. A 
contributory and referential note to 
the growing field of dynamic scan- 
ning using radioactive preparations. 


1968 
$8.50 


140 pp. 
101 il. 


SOLITARY 
METASTASES 


By Philip Rubin, Univ. of R ochester 
Medical Center, New York, and 
Jerold Green, Zellerbach Saront 
Tumor Institute, Mount Zion Hos- 
pital, San Francisco. Special con- 
sideration is given to such sites as 
lungs, liver, brain, lymph nodes, 
and bones. Diagnostic work-ups are 
outlined in a pragmatic fashion so 
that they form the basis for treat 
ment. 4n analysis of experimental 
data in animals and clinical investi- 
gations provides a schema of “the 
steps of metastasis” formations. The 
complex sequence of events provides 
a basis for understanding currently 
tried and future approaches to con- 
trolling metastases. (Amer. Lec. 
Radiation Therapy edited by Mil- 
ton Friedman). 


1968 
$14.75 


268 pp. 
153 3. 


CERVICAL SPONDY- 
LOSIS AND ITS 
NEUROLOGICAL 
COMPLICATIONS 


By Bernard H. Smith, State Univ. 
of New York at Buffalo. Anatomy, 
pathology and pathogenesis, symp- 
tomatology, course and prognosis 
have been reviewed in detail. Diag- 
nosis and differential diagnosis are 
fully discussed with particular atten- 
tion paid to the radiographic find- 
ings. The rationality of various 
forms of therapy in present use is 
considered and the importance of 
adapting treatment to pathogenesis 
and morbid anatomy rather than to 
symptomatology is stressed. The rc- 
sults of various forms of treatment— 
conservative and surgical—are criti- 
cally evaluated. A series of radio- 
graphs and line drawings have been 
included to illustrate the normal 
and pathological findings. 


NEW 
BOOKS 
FOR 
YOUR 

EDICAL 
LIBRARY 


1968 240 pp. (634 X 934) 
$12.00 101 il. 


PEDIATRIC HEAD INJURIES 


By John Mealey, Jr. Indiana University School of Medicine, 
Indianapolis. Discusses their inception, clinical management and 
prognosis. Clinical methods of diagnosis are stressed. The indica- 
tions, important technical aspects and usefulness of ancillary diag- 
nostic procedures—roentgenography, echoencephalography, angi- 
ography and other tests—are fully described. Extradural hemato- 
mas are discussed at length. Subdural hematomas, their unique 
features, prevalence and present methods of treatment are criti- 
cally analyzed. (Amer. Lec. Living Chemistry edited by I. Newton 


Kugelmass). 
1968 260 pp. 
$10.50 59. 4i. 


INTRODUCTION TO MEDICAL 
DECISION MAKING 


By Lee B. Lusted, Loyola Univ. Medical Center, Hines, Illinois. 
Begins with a discussion of Bayesian statistical inference illus- 
trated by medical diagnosis examples. The use of conditional 
probability, likelihood ratios and Bayes’ Theorem is presented 
subsequently for the diagnostic study of congenital heart disease, 
primary bone tumors, thyroid function, Cushing's syndrome, he- 
matologic diseases, benign versus malignant gastric ulcers, and 
medical screening tests. 

1968 296 pp. (634 X 9354) 
$18.75 127 il. 
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Will your radiology department ever need 
one of these handy little signs? 


SORRY! 





The X-ray equipment in this examining room is out-of-order and 


IS now being repaired. 


Please re-schedule your examinations for Room No. 





(Signed) 





Radiology Dept. 





(Date) 


lust our way of emphasizing some facts: Every minute 
hat a vital piece of X-ray equipment is down is a lost 
ninute — time that you never seem to be able to make 
p by re-scheduling examinations. 

And when minutes stretch into hours and days of 
/aiting for service, then your own difficulties in han- 
ling your work load are compounded by the incon- 
enience which your patients experience. 

We of Standard X-ray have never been happy with 
ese facts. We believe a tendency toward breakdowns 
unacceptable in X-ray equipment. We've believed 
iat for more than 50 years. 

So we do things differently. We design X-ray equip- 
ent that makes downtime rare and day-in, day-out re- 
ability an accepted fact. 

How ? For one thing, we make our equipment mod- 
ar. Take our Ultima and our new Optima Series of 
-ray Controls as examples. Every control is con- 
ructed of hand-crafted, modular components inte- 
ated to function as a single X-ray unit. 

Which also means unparalleled reliability because 
ich modular component is individually tested. So that 


the complete X-ray control will be one you can count 
on every time you press the “exposure” button. An 
X-ray unit that's easy to maintain —and easy to repair 
when the time does come. 

Standard X-ray's brand of reliability doesn't stop at 
design, however. It includes the special care that goes 
into the manufacture of every unit. And the service 
available through your local Standard X-ray dealer. 
He's there not just because something may go wrong, 
but to see that everything is working right. 

What we're saying, then, is that we can offer you 
what no one else can: a complete line of therapeutic 
and diagnostic X-ray equipment that you can rely on. 
Service you can rely on. And consultation and planning 
for the radiology department that puts reliability first. 

See what we mean! Call your Standard X-ray dealer. 


(Write us for his name. 
STANDARD 


Incidentally, would you 
like additional copies of 

STANDARD X-RAY COMPANY 
a division of Cenco Medical/Health 


our "Out-of-Order" 
2600 S. Kostner Ave., Chicago, |11. 60623 





sign? Ask about them 
when you write us.) 
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A COMPLETE RADIOGRAPH OF THE ENTIRE MOUTH 
ON A SINGLE FILM...IN SECONDS WITH 





Panorex gives a clear panorama of all dental Structures. Midline 
and centrals are indicated twice. Clear center area is due to 
absence of radiation when chair shifts the patient automatically. 





Here the clear center area is eliminated by cutting 
the film on the midlines. In pedodontics, ortho- 
dontics, serial extractions etc., Panorex is 
unequalled. 








Remote control 
90KV—15MA 
for both 

periapical and 
cephalometric 
radiography. 








Only with Panorex can such diagnostic detail be 
obtained on an unusual case like this involving 
many supernumerary teeth. Just one exposure 
compared to the 14 to 18 for the usual full mouth 
series. 


Seating the patient and shooting the 
picture takes under two minutes 
with Panorex. Tubehead rotates 
around patient's head to record the 
complete oral cavity. Synchronized 
film and image conform to dental 
arch. Chair shifts automatically, 
changing rotation from one side of the 
arch to the other while bypassing the 
spine. X-ray beam is off during shift, 
and resulting image is essentially uni- 
form in size. Let us tell you more 
about Panorex, the revolutionary ma- 
chine that gives a complete radio- 
graph of the entire mouth in 1/10th 
of the time needed for a full mouth 
series. Write 








S.S.WHITE COMPANY X-RAY DIVISION 


N OF PENNSALT CHEMICALS ORATION 


COMMUNITY DRIVE, GREAT NECK, NEW YORK 11021 


Theres nothing new about Dual Head Scanners... 
Weve made them for six years. NS T 





Six years of proven clinical effec- 
tiveness with Dual Head Scanners, 
has brought one fact to light . . . 
don't plan the obsolescence of your 
radioisotope scanner before you " 
purchase one. | | 

The Model 54FD Dual Five is the | | PT 
only scanner available that provides !! 
scallop-free photoscans. The 500 ! gr | 
cm./m/n. maximum scan rate pro- |! A 
duces two opposed, simultaneous 1 
photoscans before most other units | 
have barely completed the first view. 
An exclusive miniscan system allows 4 | ' 
a whole body scan to fit on a single ! J Fog! | 
14" x 17" film. A self-contained pa- ų ' (dI 
tient couch affords the patient com- | (1 0 8 
fort, with no need for additional | T i 
movement. 1 L 

The Model 54 may be purchased 
as a single head unit, and can be 
converted to a Dual Head unit right 
in your department. 

Optional accessories include an 
inexpensive positron counting cir- 
cuit and a two-isotope subtraction 
circuit. 

Write for the NEW Dual and 
Single Head, Five and Eight Inch 
Radioisotope Scanner Brochure. 


e 
ret 
u ud tay 
| | 
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ohio-nuclear, inc. 
1725 Fall Avenue, Cleveland, Ohio 44113 (216) 621-8142 
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you can't find your WOLF catalog, just fill out the Coupon 


id we'll send you another one! 


Wolf Catalog is sort of like a trusted friend you can turn to when 
reed advice. It represents the world’s finest and largest assortment 
lality medical and dental X-ray accessories ever produced under one 
It places, at your fingertips, page after page of explicit, pertinent 
On just about any and every X-ray accessory you may require, And, 
you consider the fact that the name ‘WOLF’ has become synony- 
\ With high-quality, service and economy, is it any wonder that more 
nore doctors, dentists and hospitals have come to rely on the Wolf 
0g. So, if you can’t find your copy, if your present copy is dog-eared 
use, if you’d just like another Copy, or if you've just started and 
| like ‘a friend at your fingertips’, mail the coupon today. The Wolf 
2g...it could become a best seller if we didn't give it away FREE! 


WOLF X-RAY CORPORATION 
NEW YORK * CHICAGO * LOS ANGELES * TORONTO 
182-20 LIBERTY AVENUE 
JAMAICA, N.Y. 11412 





ADDRESS es 
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The 110V Miracle Worker. 


(Picker's new capacitor-discharge mobile x-ray has twice the 
capacity of any similar unit available today.) 


Now you have a choice of mobile, capacitor-discharge, grid-controlled tube 
x-ray units powered by bedside 110 V outlets. 

But Picker's new one is easily distinguishable from the rest: ithas twice 
the capacity of any other. Twice. | 

Accordingly, at any bedside near a 110 V 20 amp. outlet you can now "e 
really get X-ray Department film quality. UY 

And because of its unequalled output, this instrument produces 
sharper radiographs in less time than any other comparable unit. 

Summary: Picker gives you mobility without asking you 
to compromise on quality. (So now that we ‘ve 
given you achoice, what choice do you 
really have?) 

Please ask your local Picker representative 
tor details on our 110 V Miracle Worker. Or, 
write Picker Corporation, 595 Miner Road, 
Cleveland, Ohio 44143. 
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FOUNDED IN 1906 AS THE AMERICAN QUARTERLY OF ROENTGENOLOGY 
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ROENTGENOLOGY . 
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Insurance check. 





(This new Picker device lets you double-check radiopharmaceutical activity before use.) 


The new Picker Isotope Calibrator accurately 
measures gamma activity of isotope doses in 
syringes, bottles, vials, needles, or applicators. 
In seconds. 

This is the isotope calibrator that measures the 
activity of very low to high energy isotopes. Even 
1-125 and Tc-99m. Any gamma emitter from 0.025 
to 3.0 MeV. 

Operation is simple: insert sample in well, set 
one dial, read activity in microcuries or milli- 


curies. No calculation. 

And at the low price of $1700 (in the continen- 
tal U.S.), this is a pretty reasonable insurance 
policy. 

So send us your order now. Your local Picker 
man will tell you when you'll have it in your labor- 
atory. 

Or write Picker Nuclear, 1275 Mamaroneck 
Avenue, White Plains, N.Y. 10605, and request 
brochure 219P. 
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IMPROVED 


Van de Graaff” Improved Mascot ii Van de Graaff is the result of 
ACCELERATOR experience gained in 40 previous installations. 
MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 





Today’s Model AM 2 MeV Van de * It can be operated easily by a The Model AM Van de Graaff is a 
Graaff Therapy Unit continues to technician without a staff physi- reliable, proven source of high- 
keep pace with the trend to low-cost cist in attendance. energy radiation. 
precision therapy in leading hos- 
oitals and cancer clinics through- 
dut the Free World. And for five 
200d reasons: 


It offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 


* Its less than 3 mm "point source" — including radioisotopes. 


of x-rays allows optimum technics 
‘or both large and small treatment 
ields. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


» Its treatment beam is accom- 
yanied by negligible penumbra. 


' Its Roentgen output exceeds that 
f a 5000 curie cobalt source. 


' Its x-ray output will not fall off. 
‘ou can hold treatment techniques 


Today's Model AM is routinely operated 
nd parameters constant. 


by an easily-trained technician. 





HIGH VOLTAGE 
ENGINEERING oer neha en 


BURLINGTON, MASSACHUSETTS 
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MICROPAQUE now comes 


BARIUM SULFATE U.S.P. FORMULATION premeasured 


r 


prepackaged 
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MICROPAQUETTES are now available v th 
2 OZ. or 4 oz. MICROPAQUE content. Simply empty 
a packet into your mixer, add indicated water 
mix, and there's your correct dose. Content 
premeasured by weight, not volume, so it's easy 
to whip up the exact quantity you need, with a 
curate control of density, making it as thick 
thin as you want. Convenient, time-saving 


N ai 








MICROPAQUE DISPOSABLE ENEMA | 
KITS contain everything you need for a single 
enema: a plastic enema bag, six feet of tubinc 
with a faucet connector on one end, a recta 
acorn on the other, and 10 oz. of MICROPAQUE 
To use, simply fill the bag with water, knead thi 
bag to mix the charge, and promptly administer 
Discard after the examination . . . no measuring 
s no pouring, no clean-up, no cross-infection hazard 








single-use economy 


MICROPAQUE either Way, there's no waste: you mix only as 


much as you need, one packet or bagful per patient. 
No unused surplus to squander down the drain. No pos- 


‘ . sibility of contamination with dust or dirt. 
Ask your local Picker representative 


yn our sl oe Aaa on either Way, you combine the proven virtues of 

icropaquettes and Enema Kits. ; : la 
Call any local Picker office, or write MICROPAQUE with new ease and accuracy in dis- 
Picker X-Ray Corporation, White Plains, New York. pensing. 
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Du Pont TR conducts discussion of artifacts. Slide shown 
demonstration of fixer contamination of developer. 





Du Pont focuses its science and 
energy on Diagnostic Clarity... 

and that includes helping your staff 
maintain good technical discipline. 


Today's pace in most Radiology Departments poses a problem 
to radiologist and technologist alike: How to get the examinations 
out promptly and still maintain high diagnostic standards. 


Your Du Pont Technical Representative is prepared to 

give you considerable help with this problem by conducting 
programs with your staff on various technical aspects 

of achieving Diagnostic Clarity. Some of the subjects are: 


Darkroom Pathology film artifacts and their elimination. 


Temperature Control in Processing—a useful tool 
to control density, contrast and uniformity. 


The Du Pont "Bit System" —a unique system that helps 
establish greater precision in technic changes. 


Intensifying Screens—use and maintenance for best service. 


These training programs are prepared by Du Pont 
technical experts at our laboratories in cooperation with 
our field representatives. They help your people use 

the tools of radiography to best advantage and free you 
to devote more time to diagnosis and other duties. 


Ask your Du Pont TR about arranging a series of meetings. 


CRONEX’ X-ray Products 


Ve S, PAL OFF 


SYMBOL OF LEADERSHIP 





AECL's new corporate symbol depicted 
above was designed to signify the compa- 
ny's vigorous activity and forward progress 
in the application of atomic energy to the 
fields of medicine, research and industry. 


Originators of the first commercially successful Cobalt 60 Teletherapy unit, AECL maintains its 
leadership by making it unnecessary for the radiologist to confine his treatment prescriptions to the 
limitations of a machine.—With a Theratron 80, the radiologist can exercise his knowledge and 
capability to the fullest extent. Because of its many new and unique features (including provision for 
complete, computerized automation), its remarkable versatility and proven dependability, AECL's 
THERATRON 80 continues to be the outstanding leader in its field. 


Atomic Energy of Canada Limited 
cay 


P.O. BOX 93, OTTAWA, CANADA TELEPHONE 613/728-1841 CABLE 'NEMOTA' 68.2 





Injection factors: 6ml of 75% Hypaque (contrast medium) at delivery rate of 2 ml/sec. 


Legend: LCA—left coronary artery; AD—anterior descending branch; CIRC—circumflex branch: 
RCA—right coronary artery. 


DIAGNOSIS: 


TECHNIQUE: Selective left coronary arteriography ; right anterior oblique projection. 


DESCRIPTION: Extensive arteriosclerotic occlusive disease with prominent 
intercoronary collaterals. 


EQUIPMENT: 


Barber-Colman Viamonte/Hobbs Injector 














Automatic flow rate control is the 
heart of each Barber-Colman Via- 
monte/Hobbs Injector. Just dialing 
desired flow rate and injection time 
results in delivery of preselected vol- 
ume with repeatable accuracy — re- 
gardless of variables in contrast media 
and catheter. Maintain linear flows 
up to those requiring approximately 
1100 psi. Discharge entire 100 ml 
syringe at rates infinitely variable from 
2 to 60 ml/sec, within the physiologi- 
cal limits of the specific procedure 
and the catheter design. 


MORE EFFICIEINI: 


1. New Quic-Loc catheter connec- 
tor simplifies procedure and main- 
tains sterility — replaces syringe 
screw fitting with catheter lever/ 
lock. One short lever movement 
secures catheter fitting to syringe 
outlet. Reverse action unlocks con- 
nection. Spring detents hold Quic- 
Loc in center and locked positions. 


2. New E-Z-Fil attachment makes 
syringe filling faster and more con- 
venient. Connects to both standard 
screw fitting and Barber-Colman 
Quic-Loc connector. 

Protective cap slips down curved 
filler tube inserted into contrast 
media bottle — prevents entrance 
of contaminants. Base plate and 
spring clip secure bottle sizes to 
50 cc during filling operation. 
Write for literature, or phone 
815/968-6833. Barber-Colman 
Company, Electro-Mechanical 
Products Division, Dept. C, 14363 
Rock Street, Rockford, Ill. 61101. 
Or, contact your X-ray equipment 
supplier. 


Control 

your contrast 
medium 
injected... 
automatically... 
with 
repeatable 
accuracy. 
Barber-Colman 
Viamonte / 
Hobbs 
Injector. 


BARBER 


COLMAN 





Good ol’ reliable Sanchez-Perez. 
But you can’t expect it to last forever. 


Does the 
drawer still 
fit exactly? 


Sure, the drive 
chain assembly 
still works, but 
maybe not as well 
as it should. 


Your technician 
might save some 
time if all your 
cassettes were 
lined-up, adjusted 
and polished— 
maybe even 
replaced. 


And after all, 
couldn’t the old 
girl use a new 
coat of paint? 






Isn't the 
receiving 
compartment 
lining wearing 
a little thin 

by now? 


A complete 
rewire job 
couldn't hurt, 
could it? 


If you want us to, 
we'll add a new, 
improved locking 
system that 
doesn't take away 
a bit of your 
mobility. 


If you don't 
already have 
one, maybe 
you should 
add that 
Model 400 
programmer 


now. 


Isn’t it about time for an overhaul? After all, time 
takes its toll—even on such a simple, dependable 
design as the Sanchez-Perez Automatic Seriograph. 
Maybe you should send yours back to our factory— 
and have it reconditioned by the people who built it 
all those years ago. 

For about a third of the cost of a new one (and that 
wasn’t much in the first place, remember?), we’ll run 
your Sanchez-Perez back down our assembly line— 
replacing, repainting, rewiring, renewing. 

And deliver it back to you in like-new condition. 


THE AUTOMATIC SERIOGRAPH CORPORATION 


DIVISION OF LITTON INDUSTRIES 
Des Plaines, Illinois 60018 


Box 5000 


How long will it take? About eight weeks. If you 
can't do without a changer for that long, we'll rent 
you another Sanchez-Perez while yours is being rebuilt. 

Of course, we'll be glad to sell you a brand new 
Sanchez-Perez Automatic Seriograph, if you prefer 
(we've made a few improvements, and it's still the 
only film changer in its price class). You probably 
can use an extra one to do bi-plane work. But no tell- 
ing how long the one you've got will last. 

If you keep sending it back to us every twenty 


years or so. 
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alike other scintillation cameras, Baird-Atomics Auronuoroscope 
atures computer-type memory. And that's saying a lot. 


ays our non-volatile magnetic core memory can store raw digital data for each picture element. And restore 
ge plane uniformity. It lets you flag any areas of the picture for numerical integration in dynamic studies. It 
mits fast storage on magnetic tape to provide more data points in dynamic studies. It lets you play back patient 
data in its original form at any time. Instantly. And because of magnetic core 
memory, the picture has the same integrity as the raw data. The fact is, magnetic 
core storage makes the Autofluoroscope a fundamentally more practical and ob- 
jective tool. What's more, it's faster and easier to use in all procedures than othe! 
cameras. So if you're going to buy or lease an imaging device, you should talk tc 
Baird-Atomic before you make your final decision. You owe it to yourself to fully 
understand why the tiny difference will make such a big difference to your pro 
gram. Naturally, if you're not already thinking about the Autofluoroscope, we ma: 

| — not change your mind. But we'll give you a tough decision tc 


s p- n BAIRD-ATOMIL make. Call for an appointment. 33 University Road, Cambridge 


- | Massachusetts 02138, Telephone: 617 864-7420. Baird-Atomi: 
rope, The Hague, The Netherlands. Baird-Atomic Limited, Hornchurch, England. 











90 second 
Fuji film 

type Rx 
polyester base 


vailable through 
. Pyne X-Ray and 
© their distributors 


«TL 


PYNE -RAY CORPORATION 





U. S. Distributors of FUJI Kx and Rx Film warehoused in New York, Chicago, Los Angeles 
Dealers in all cities throughout the country. 
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Now - the 
Pho/Gamma lll 
Scintillation Camera 





How ? With our new 
computer-compatible 
Magnetic Tape System. 


The two instrument consoles shown 
directly above constitute our Mag- 
netic Tape System. In the console 
on the right is our multidimensional 
analyzer. It connects to the Pho/ 
Gamma III Scintillation Camera. This 
combination provides analog-to- 
digital conversion of data on the 
location and distribution of gamma- 
emitting radioisotopes in body 
organs. 

The analyzer also encodes the 
data, in computer-compatible form. 
And then transfers the data to the 
second console (above left), the 
magnetic tape transport. 





So much for theory. Application is 
where the Magnetic Tape System 
pays off. Because the taped data on 
a multitude of clinical organ studies 
can now be fed to a programmed 
off-line computer. 

Which then does what a computer 
is meant to do—analyze, correlate, 
and manipulate data. To let you find 
out more, in more ways. New Ways. 

Of course you can play back the 
tape. And re-display and re-orient 
the data on the analyzer's scope. 
Then photograph the scope display. 
Or read out the dataon a digital 
printer. Or—well, you're sure to find 
more to do with data in a convenient, 
permanent taped form. 

But first you should talk to your 
Nuclear-Chicago sales engineer 
about the Magnetic Tape System for 


Pho/Gamma III. And about our other 
new Pho/Gamma III accessories 
(fast digital printer, chart recorder. 
and 35-mm automatic time-lapse 
camera, among others). Or, if you'd 
like, write directly to us. 


NUCLEAR-CHICAGO 
CORPORATION 


A SUBSIDIARY OF G. D. SEARLE & Cn. 


307 East Howard Avenue 
Des Plaines, Illinois 60018,U.S.A, 


Donker Curtiusstraat 7, Amsterdam W 


. When not seeing 
is believing 





The full, precise visualization Contraindications: Contraindicated in ad- 


vanced hepatorenal disease or severe impair- 


of the gallbladder obtained ment of renal function, severe gastrointestinal 


disorders that prevent absorption, and in pa- 


with TELEPAQUE IS diag- tients sensitive to iodine compounds. 


Precautions: Severe, advanced liver disease 


nostically importa nt because may interfere with metabolism of Telepaque, 
. ] thus increasing the excretory load on the kid- 
It assures yOU that there IS neys. Although renal difficulty has rarely been 

i attributed to Telepaque, renal function should 
no cholecystic pathology. The be assessed before cholecystography in 


severe, advanced liver disease, and renal out- 


fact that TELEPAQUE pro- put and hepatic function should be observed 


for a few days after the procedure. Patients 


duces a complete pictu re with preexisting renal disease should not re- 
i ceive high doses of cholecystographic media. 

provesthe gallbladder is func- Possible renal irritation in susceptible indi- 
l : viduals could result in reflex vascular spasm 
tioning normally. with partial or complete renal shutdown. Cau- 
. ] tion is advised in patients with coronary dis- 

But more Importa ntis the fact orders, especially those with recent symptoms 


of coronary artery disease. Blood pressure 


that TELEPAQUE, unlike should be observed after administration of 


cholecystographic media to these patients. 


other contrast agents, does Elevation of protein-bound iodine for several 
i . j months and false positive urine albumin tests 
not passively fill a diseased odine-containing cholecystographic aan ^ 
gallbladder. Th usthe absence Adverse Reactions: Most reactions are mild 
. ] s and transitory; serious side effects are very 
of visualization Can be of rare. Gastrointestinal effects (diarrhea, 
‘ p . ; : iti th t - 
great significance suggesting mon Usual the diarrhea consists merely of 
‘ i ‘ a O i in isolated 
disease. With TELEPAQUE it ft Wah be severe id dieing nee 
e : duri inati : d ly, Ski 
is possible to detect those rash, urticaria, pun, edie oe 
: : Tr t bocyt ia has b ted 
patients with cholecystitis I DUA 2 detis oF oan 
" hemorrhages. Subjective complaints have 
who do not have stones. This sot ict of throat, burning on swallow- 
‘ , í ing, heartburn, sore throat, dizziness, and 
indication of pathology, that headache. 
‘ Usual D : i 
TELEPAQUE provides adds to alaituta al Mbit 
i I ili i i Supplied: Tabli f 500 is 
Its reliability for diagnosis. SE Lite beds and 2 dua E 


bottles of 500, 


Use of TELEPAQUE ina series 
of 1,207 cholecystographic 
examinations resulted in 
98.3% diagnostic accuracy.* 
TELEPAQUE has been used in 
more than 33,000,000 
patients...an unparalleled 
record of tolerance. 


*Baker, H. L., Jr., and Hodgson, J. R. (Mayo Clinic and Mayo Foundation): Further studies on the 
accuracy of oral cholecystography, Radiology 74:239, Feb., 1960. 


T i © in oral cholecystography and cholangiography 
e epaq u e provides the accurate picture with excellent tolerance 
brand of lopanoic acid 


. WINTHROP LABORATORIES 
(Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS NEW YORK, N.Y. 10016 


SCHONANDER 
AOT-P 


cutfilm changer 





‘wenty years ago Schonander was already building 
utomatic units for rapid serial radiography. The first 
nodel was a cassette changer for standard metal 
assettes. The development went via special lightweight 
‘assettes and rolifilm to a system using Cassette-less 
itandard cutfilm. 


Jere are some of the features which have led to the fact 
hat most American radiologists today call their film 
shangers '""Schonanders''. 


Jiagnostic Accuracy 


a High power of resolution allows studies of fine anatomi- 
sal details in full size radiograms. W Large exposure angle 
yermits optimal exposure factors and makes angiographic 
»xaminations of heavy patients possible, even at 6 pictures 
per second. m Alternate, synchronized exposures in biplane 
operation keeps scattered radiation fog at lowest possible 
level. m Edge-near exposure field allows proper patient 
positioning in all cases. 


Time-Saving Operation 
m The Cassette-less cutfilm system offers unmatched con- 


venience and speed in loading, unloading, taking of test 
pictures, processing and viewing. 


Universal Application 


m Exposures on 14" x 14" or 10” x 12” film size at ex- 
posure rates from 6 pictures per sec. to 1 picture in 5 sec, 





Anderson 020320 


with versatile programming facilities, covers the whole field 
of vascular examinations. 8 Compact physical dimensions 
make the Schonander Cutfilm Changer adaptable to vari- 
ous kinds of examination tables. m Each film changer is a 
separate unit allowing either single or biplane application. 
m Single plane equipment converts easily to biplane. m 
Economy type exposure rate selector available. 


Automatic Film Marking 


m Consecutive numbering or time-marking and patient iden- 
tification on each film. 


Installation and Service 


Every Schonander dealer is supported and assisted by our 
expanding technical service staff in the installation and 
servicing of all Schonander equipment. Comprehensive 
overhaul service and upgrading of older style film changers 
using factory procedures is available in our well equipped 
Mount Prospect service shop. 


For more details, contact your X-ray dealer or write: 










ELEMA-SCHONANDER, INC. 
P O. Box 130, Mt. Prospect, lll. 60056 
Telephone: (312) 259-7206 
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SIEMENS 


From our total commitment 
ove TERUEL 


X-ray diagnosis, radiotherapy, nuclear medicine, medical data processing. 
We are engaged with the entire spectrum of medical technology. 

Our research and development people keep close liaison with medical 
'esearch and practice, consequently, we are able to offer the physician 
2quipment tailored for his specific tasks. 







EMENS MEDICAL OF AMERICA INC. 
35 LIBERTY AVENUE, UNION, N.J. 07083 


SIEMENS 


SIREGRAPH System Approach 


IEINN—— P '!Iry! aaaaaaaasaeaaaeaeaaeaaaaealIl— 


"rom its remote control console to the smallest table 
accessory, the SIREGRAPH is the „System Approach" 
to the radiologists’ most pressing problems — how to 
obtain the highest possible consistent quality of 
information and how to make the most efficient use 
of his time. 


Outstanding features include: 

e 90/90 continuously variable speed motor driven 
tilting table 

e Rotating cradle (optional) 

@ Two way power top 


@ Fully automatic undertable spot film device 

for use with five various cassette sizes 

e Built-in 10/6 SIRECON Image Intensifier with 
television which tracks the X-ray beam through 

all angulations of X-ray tube or table 

€ Routine and special techniques including 
planigraphy and zonography 

€ Choice of recording methods from image system 
70 mm - 35 mm or 16 mm cine 


SIEMENS MEDICAL OF AMERICA INC. 
685 LIBERTY AVENUE, UNION, N.J. 07085 








Exposure-wise, Radelin® STF-2 X-ray screens 
are next to nothing. 


Radelin's STF-2's are the fastest screens made, Super High Speed screens ideal for most pro- 
at least 30% faster than the fastest X-ray cedures including high KyP techniques. 
screens you may now own. Take advantage of STF-2's record high speed 
The excellent definition provided even at for shorter exposures. The only way to give a 
thisextremely high Speed makes Radelin STF-2, patient less is to give him none at all. 


RADELIN 
MEDICAL PRODUCTS 


USR) UNITED STATES RADIUM CORPORATION 


XXI 





After all. a film that yields the contrast you want, coupled 


with maximum latitude and definition, has to be in a 
class by itself. 

Let your Ilford Technical Representative show you how 
Red Seal on Melinex? will perform in your processing 


system with Ilfomat Chemicals. 


e ILFORD INC. 


West 70 Century Road, Paramus, New Jersey 0765 
| 217 Kast E] Segundo Boulevard, El Segundo, Calitornia 90 45 
3566 Elm Street, Hape* ille, Georgia 30054 
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TELEGEIVI 


DIAGNOSTIC X-RAY 
SYSTEM 





“The Time Table” 


One solution to an Increasing patient load. The Telegem system combines fluoroscopic, 
radiographic and tomographic functions into one compact unit, to speed the exami- 
nation — eliminate duplication of patient and equipment positioning. Every function 
IS controlled from a radiation shielded operator's console that Pivots, providing 
ready access to the patient. There are options, but these features are standard 
Automatic fluoroscopic and radiographic beam collimation; serial Bucky program- 
ming; console-controlled palpation: tube extension to 60 inches, angulation through 
90 degrees; 90-15 table movement and four-way top excursion. There's more, 
much more. A GE representative will be happy to tell you just how much more 


Progress is our most important product 


GENERAL CD ELECTRIC 


X-RAY DEPARTMENT » MILWAUKEE, WIS. 53201 


Mind if 
we watch what 
you're doing? 





| SANDERS 


nected ee inti 





Radiation monitoring. Indispensable for everyone 
in your radiology department. For everyone who 
works near X-ray diagnosis and radium- or cobalt- 
therapy equipment. And for your secretary and 
office staff, as well. 

Our Nuclibadge? film-badge monitoring 
service. Prompt, accurate reporting because we've 
automated film-processing and record-keeping. 
Easy to use, because all you do is wear the badge. 
Legally acceptable records, too, because we keep 
both exposed film and exposure records on per- 
manent file. 

Information without obligation. In our booklet, 
“Answers to Your Questions About Radiation 
Monitoring." Write for your copy. 8-251 


Q 


NUCLEAR-CHICAGO 


A SUBSIDIARY OF G. D. SEARLE & CO. 
307 E. Howard Ave., Des Plaines, Illinois 60018 


sooner 


Better later than sooner, of course. 
No question of that. 


But how soon will your department 
buy the next new accessory OF 

adopt an improved technique—only 
to have someone say, "Hey, l don't 
think it'll work on our table." 


Two years? Three years? 


Maybe next month? 


Not if your table is this one. [t's the 





or later you'll have to dump i 


Profexray Emperor 90-360 table. SO you may never see a real picture 
Probably the most rugged and like this one. At least, not for a 
versatile you can buy today. long, long time. 

And it's not just built to last. It's May we show you an Emperor 90-360 
designed to last. In our book table? We want vou to see it. hear 
“obsolescence” is a dirty word. This — it, feel it for yourself. All you have 
90° Trendelenberg table will accept to do is phone your Profexray man. 


any accessory you can hang on it T PE ONE . 
aybe, in this case, 
now. And we've tried to think of bean boone IH Litton Med ical Prod ucts 
everything you might want to than later A Litton Industries Gr 
hang on it later. 515 East Touhy Avenue » Des ae Illinois 60018 
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The 
most advanced radiotherapy 


quipment isn't developmental. 





Varian's Clinac* 4, a linear accelerator 
for deep radiotherapy, is now 
installed and working at its daily treat- 
ment task. Clinac 4 is now said by many 
to be the most advanced radio- 
therapy tool available. There's a reason. 


Clinac 4 is the result of more than 
one-half million dollars in direct 
development costs by one of 

the nation's leaders in scientific 
instruments. Clinac 4 is the end product 

of ten years of medical accelerator experi- 
ence and nearly two years of continuous 
factory testing. 





Unprecedented large fields and uniform high intensity 

allow even the “mantle” treatment to be completed with ease 

in 2 to 3 minutes. Briefly, the advantages of Clinac 4 are high output 
— up to 350 Rads/min in field sizes up to 32x32 cm — minimum 
penumbra because of the very small spot size, reliability, and 
simplified controls to provide ease of use and savings in 

setup and treatment time. Through engineering excellence, 

single, multiport and rotational therapy are simplified. 


Operational simplicity, reliability, knowledgeable engineering — 
Clinac 4. For full information, contact Varian Radiation 

Division, 611 Hansen Way, 

Palo Alto, California 94303; 

opringfield, New Jersey 07081; 

Varian A. G., Zug, Switzerland. 


varian 


radiation division 





EXTREME UPRIGHT POSITION FOR VOIDING CYSTOURETHROGRAPHY 
DURING TELEVISION VIEWING OR RADIOGRAPHY 


...note voiding stool (optional) for female patients and infants 


...another way that the 

L-F HYDRADJUST TABLE keeps you 
UP-TO-DATE with the 

latest in urological techniques! 


All the modern L-F innovations for Hydradjust Tables, like the 
voiding cystourethrographic stools shown above, 
are adaptable to new tables and those tables already in use. 


Write for brochures 
or see your X-ray equipment supplier 
for further information. 


LIEBEL-FLARSHEIM COMPANY 


CINCINNATI, OHIO 45215 


DIVISION OF RITTER PFAUDLER CORPORATION 





PHILIPS 


IMAGE INTENSIFIER SYSTEMS 


Many new examination techniques, such as 
heart catheterization depend heavily on 
electro-optical performance of intensifiers. 
By providing a brighter, clearer x-ray image 
—the Philips image intensifiers allow most 
effective use of TV, cine and 70 mm spot- 
films for diagnostic information gathering 
and storage. 


As pioneers in the design and development 
of radiographic imaging systems, we en- 
sure superior performance by seeing to it 
that superior manufacturing standards are 
carried out with exacting care. 








Philips Ring Stand 


For example, % micron of dust on an image intensifier phosphor could create misleading arti- 
facts or distortion on a radiograph. Therefore, Philips image intensifers are manufactured in 
these Class 100 ‘‘super-clean’’ rooms—employing design features and equipment undupli- 
cated in the industry. This is only one example of quality control carried out in manufacture by 
our wholly owned subsidiary, Amperex Electronic Corporation, at Slatersville, R.I. 


In fact, the new plant has been specially constructed to assure utmost manufacturing precision 
and cleanliness in image intensifier tube and Plumbicon TV camera tube production. Here, 
every step, followed by testing, re-testing, is rigorously controlled. The result is quality per- 
formance, economy and long life in a superior imaging system. 


Forming Glass Envelope for X-ray Image Intensifier 





Mesh Magnified About 60X 
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Plumbicon® Mesh Inspection Station 





Systems Engineering — 
Key to Flexibility, Compatibility 


The Philips Image Intensifier, heart of a number of sophisti- 
cated equipment systems, is completely integrated in design 
and manufacture. All elements were designed in conjunc- 
tion with one another to assure maximum compatibility. 


Use television or direct observation. Use videotape record- 
ers. Use 16 mm or 35 mm cine, 70 mm spotfilm radiog- 
raphy. Use them singly or in combination. Our systems are 
flexible enough to meet your needs. And, modular design 
features ensure ease of maintenance and adaptability. 


(A) Philips 6" or 9"/5" Image Intensifiers are adaptable 
to every situation — from routine radiography to biplane 
myelography and stereo heart catheterization techniques. 


(B) Convenient TV permits image-brightened viewing and 
freedom of movement for radiology teams. Motion phenom- 
ena observed on TV, can be recorded on videotape for 
instant playback, or later study and teaching. 

(C) The 70 mm spotfilm camera provides sharp diagnostic 
films. Rapid 6 per second sequencing permits instant 
radiography of motion phenomena. 


(D) Image-intensified 16 and 35 mm cine offers a practical 
means to record dynamic studies which are easily retrieved 
for diagnostic review or education. 


Plumbicon is the registered trademark of NV Philips for television camera tubes. 








PHILIPS & YES 





North American Philips Company, Inc., New York 10017 


As of December 1, 1968, the Norelco Medical Division is to be known as the Medical Systems Divisio of North American Philips Company, Inc. 


SXF Headunit 


(formerly manufactured by R. Angrabright) 








For complete information 
contact your dealer 
or write to... 





| “SCHICK : 


SCHICK X-RAY CO., INC. 


415 Green Bay Road, Wilmette, Illinois 60091 
Phone (312) 256-4700 













































"ROTATABLE" 
ILLUMINATOR 


e High performance film 
viewing device e Contin- 
uous un-interrupted film 
inspection e Simultaneous 
loading, viewing and un- 
loading e Practically un- 
limited capacity 


new from BARUCH 


















"CURTAINED" ILLUMINATOR: 
17x17 in. to spot size viewing 
area with stepless light inten- 
sity control essential for high 
quality film inspection and pro- 
viding unequalled detail per- 
ceptibility. 


















“MASKING ATTACHMENT”: 
New shutter arrangement ap- 
plicable to the conventional 
curtainless 14x17 in. illumina- 
tor making it a high perform- 
ance viewing instrument with 
full diaphragming facilities. 









MOTOR DRIVEN OR MANU- 
ALLY OPERATED * UN-INTER- 
RUPTED ROUND-THE-CLOCK 
Three new products to shorten radiation TEN 
therapy set-up time . . - Contribute to 
the highest standards of patient care. 





PHAROS= n FOR ADDITIONAL INFORMATION: 
———— "y ontact your X-ray Supply Company or 
=== VIEWING PHAROS VIEWING EQUIPMENT. 


EQUIPMENT 132 MYRTLE AVE.. FORT LEE, N.J. 07024 






The BeamBlock Table is an adjustable, free- 
moving table for positioning lead beam- 
trimming blocks. Eliminates awkward 
and time-consuming clamps, since 
blocks rest on table, are not fastened to 
therapy unit. Special features: see-thru 
window, block supports for angled shots. 


The BeamBlock Stand is an adjustable, 
mobile stand for positioning a lead 
shielding block. Equally convenient, 
whether patient is lying down or sitting 
up—-and particularly adaptable for head 
and neck treatments. 


We have a full range of standard block 
sizes available for both units. 





THE NEW IMPROVED 


STANFORD 
X-RAY STEREOSCOPE 
—CONSULTATION IN 3-D— 








The Variangle Cassette Holder brings the 
film to the patient for field verification 
and localization shots. Facilitates angled 
shots. It is a flexible, moveable stand 
which positions standard film cassettes 
and has an economy feature: the Cas- 
sette Holder arm is available as an ac- 
cessory to the BeamBlock Stand. 


Ask us for literature describing these 
and other accessories for radiation 
therapy—Baruch specializes in solv- 
ing your therapy equipment prob- 
lems. 


BARUCH INSTRUMENTS CORPORATION 


203 North Highland Avenue 








International usage for 
over 30 years—be up to date 
See Your X-Ray Dealer 
Ossining, New York 10562 pe a —MADE IN USA— 
(914) 762-2255 MES»  SCHNEEMAN ELECTRONICS, INC. 
—— GRANT'S PASS, OREGON 
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ull a fast film ~ 
1d get a perfec 
lage in 9 


you're looking for quality and speed P 
e for a good look at GAF-x.™ f 


oe 


: ; excellent contrast and exposure lati- 
aAF-X medical x-ray film gives you i 

i ni l tude are required. 
nostic quality image in only 90 
ds. Consistently! 





GAF-X film lets you capture the finest det 
y 90-second radiographs become in all radiographic studies. 
ty with polyester-base GAF-X. 

S are excellent in any processing 
nent, including manual systems. 


GAF Corporation : 


(Formerly General Aniline & Film Corporation) 
140 West 51 Street, New York, New York 10020 


F-X 90-second x-ray film. 


another 
fine product 
l from 


12868-1000 














New Westinghouse 

imaging system can be 
modified easily-with 
interchangeable component: 
to meet your future needs. 


At left is the new Westinghouse IS-50 
imaging system installed in a 
300-bed community hospital. We call 
it CXR—Compatible X-Ray. Because 
every component in the system is 
compatible with all the others. 

This means you can interchange, 
modify or add new components 
whenever your needs change. Take a 
look at this imaging system, with its 
optically equivalent three-port 
distributor. 

Your present needs may call for a 
vidicon camera and a 16mm cine. 
But at any time you can add the 
exclusive Westinghouse 70mm 
rapid sequence spot film camera. Or 
35mm cine — regular or high speed. 
Or an orthicon or plumbicon TV 
camera. Or image storage. 

Every one fits. And any or all can 
be added anytime. 

The same system-wide 
compatibility applies to tables. spot 
film devices, and generators. For 
example, solid state single phase and 
three phase controls can be upgraded 
to higher capacities for expanded 
requirements. 

There's something else. When you 
buy a Westinghouse X-ray system, 
you never have to go it alone. Our 
sales and service organization has 
200 people in 52 locations in the 
U.S. and Canada on call continually 
to meet your needs. Call your 
representative anytime. Westinghouse 
X-Ray Division, 2519 Wilkens Avenue, 
Baltimore, Maryland 21203. 
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You can be sure... if it’s 


Westinghouse 





What's so special 
about Halsey 
Film Dryers ?... 


Model No. 601-D 









|. The climate 
|, compensator 
control! 


Model No. 600-D 


It solves the humidity problem! 


The biggest bugaboo of film dryers is humidity in 
the darkroom . . . environmental moisture which 
turns the most efficient unit into a sluggish, slow- 
acting flop. 

Now HALSEY introduces the climate compen- 
sator — a system of air control that lets you shut 
out outside humidity when it's too high... or bring 
in outside air when it’s cool and dry. 

The result... faster film drying — regardless of 
climate conditions! 





No. 600-D. Fatigue-free loading from the 
top. Handles 12 films every 20 minutes. 
Complete with automatic timer — a guard 
against fire hazard due to failure to turn 
off the heater. Dimensions: 23" wide, 23" 
high, 1712" deep. 


No. 601-D. Economy version of above — 
loads from the front. Recommended for 
stacking on top of No. 600-D for stoop- 
free loading, when extra capacity is de- 
sired. Dimensions: 23" wide, 33" high, 
1712” deep. Automatic Timer (No. 602-DT) 
available. 


No. 601-D-H. For restricted space — sim- 
ilar to No. 601-D, but almost 10" narrower; 
accommodates 6 films. Dimensions: 1312” 
wide, 33" high, 1712" deep. 


Through your dealer 


HALSEY X-RAY PRODUCTS, INC. 
1425-37th STREET, BROOKLYN, N. Y. 11218 


CHICAGO: 7321 Monticello Avenue, Skokie, Illinois 60076 
LOS ANGELES: 1816 W. Bth St., Los Angeles, Calif. 90057 


TBI-25, with iodine-125, is the T-3 
test of choice that you can use now 
or a month from now. Stock it today. 
Its ready when you need it. 


TBI-25 and TBI... Your Choice 
TBI-25 with iodine-125 and TBI with 


Mallinckrodt 





iodine-131 are both available to meet 
your individual T-3 requirements. 
The TBI family, with direct measure- 
ment of binding site uptake, offers 
a high degree of accuracy and takes 
less technician time. Write for full 
information and new TBI booklet. 


See our other new products 


at the RSNA meeting 





RADIOPHARMACEUTICALS 
MALLINCKRODT CHEMICAL WORKS 
Box 10172 * Lambert Field 
St. Louis, Missouri 63145 
Atlanta * Chicago « Cleveland 
Los Angeles * New York * Montreal 


^Where there's nothing 
more important 
than time" 






Time is precious to everybody at an 
x-ray diagnostic table. That's why 
many time-saving features were built 
into the Photomechanisms cinefluo- 
rographic cameras, the only cameras 
engineered and designed specifically 
for medical image intensifiers. Here 
are five outstanding features of the 
Photomechanisms cameras and what 
they mean to the radiologist, techni- 
cian and patient: 


e Preloaded magazine replaced in 
seconds—snap on a fresh magazine 
and you're ready for photography. 


e Four quick-change film speeds, 7 
to 60 pic/sec — diagnostic versatility 
for the radiologist, cardiologist and 
hemodynamicist, all at one x-ray 
table. 


e Reduced patient exposure — syn- 
chronized pulse-mode camera con- 
trol minimizes x-ray on-time. 


e High reliability, time-tested, provid- 
ing long periods of constant use 
without failure. 


e High quality pictures, jitter-free 
photography, achieved by precision 
intermittent film movement with 
dual registration pins. 








Other features of both Photomechanisms' 35 mm and 16 mm models include 
automatic synchronous phasing, precise interchangeability of all magazines, 
and light weight. Because of these operating advantages, Photomechanisms 
cameras have become standard original equipment on virtually all photo- 
graphic image intensifier systems sold in the U.S. For technical details on 
both cameras and how they can save time at your x-ray diagnostic table, too, 
write us directly or contact your x-ray equipment manufacturer. 


MODEL 482 
35-MM 


[oc 47— 
Photomechanisims Division Ic. A subsidiary of LogEtronics, Inc. 


15 Stepar Place, Huntington Station, N. Y. 11746 . Tel: (516) 423-4411 
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or Mammography... 
aster Exposure Sequence 
reater Thermal Reserve 





An Improved Dynamax "HD40" 
Rotating Anode X-Ray Tube 


The improved Dynamax "HDAO" ........«. x-ray 


tube “insert” is now available to provide faster exposure sequence with greater 
thermal reserve for mammography. 

Also recommended for heavy-duty general radiography, the improved “HD40” 
incorporates a rhenium-tungsten-faced molybdenum target with a heat storage capac- 
ity of 175,000 heat units (20% greater than that of the previous "HD40"). Adding 
rhenium to the target face helps maintain the original radiation output throughout the 
life of the tube. 

Electrical characteristics of the “HD40” are identical to those of the original 


Machlett mammography x-ray tube. 


1 M Re 77 
General Characteristics The Dynamax “HD40” may be used in any 
eet 77 of the following housings: Dynamax "50", Dynamax ''40" 
Machlett Dynamax HD40 and the Dynamax “25”. In the Dynamax “25” housing, 
PKV range: 25 PKV to 125 PKV the maximum voltage is 100 PKV. 
Focal Spot Sizes: 1.0 mm and 2.0 mm For literature on the Machlett Dynamax “HD40” write: 
; The Machlett Laboratories, Inc., 1063 Hope Street, Stam- 
Max. MA at 25 PKV: 300 


ford, Connecticut 06907. 


Heat Storage Capacity: 175,000 HU 









THE MACHLETT LABORATORIES, INC. 


A SUBSIDIARY O F RAYTHEON COMPANY 









RAYTHEON 


f Es a eL E pompe id^ NN 








STEPHEN W. BROWN, M.D. 


THE AMERICAN JOURNAL 


OF ROENTGENOLOGY 


RADIUM THERAPY AND 
NUCLEAR MEDICINE 








Vor. 104 


DECEMBER, 1968 


No. 4 








FORWARD 


IHE PRESIDENT'S ADDRESS* 
By STEPHEN W. BROWN, M.D. 


AUGUSTA, GEORGIA 


T IS indeed an honor to stand before you 

and assume the presidency of the Ameri- 
can Roentgen Ray Society, the oldest 
radiological Society in America. Little did 
I dream, when I joined the Society, that 
you would give me this honor, and I accept 
it with a sense of great humility. I hope 
that I have been and will continue to be of 
service to this Society and to Radiology. 

I would like to take this opportunity to 
thank all of those who have worked so hard 
in the preparation of the program for the 
Sixty-ninth Annual Meeting of the Ameri- 
can Roentgen Ray Society: The Members 
of the Program Committee; Dr. Allen 
Good, immediate Past President; Dr. 5ey- 
mour Ochsner, Chairman of the Local Ar- 
rangements Committee; Dr. Roy Greening, 
Chairman of the Scientific Exhibits Com- 
mittee; Dr. Harold Peterson, Chairman of 
Instructional Courses; Dr. Donn Mosser, 
Co-Chairman of Instructional Courses; 
Dr. James Cook and Mr. Clifford Sherratt, 
managers of the Annual Meeting; Dr. Ted 
Leigh, the Secretary; and Dr. Traian Leu- 


cutia, the Editor of the Journat. I would 
also like to thank the participants in the 
Scientific Session who are presen ting papers 
and the Faculty for the Instructional 
Courses. 

In reviewing the Presidents’ Addresses 
over the past 15 years, we become aware of 
the great concern of these men for Post- 
graduate Education, in enhancing the im- 
age of the radiologist and Improving the 
practice of radiology. "Forward" is a 
good term in expressing the attitude of the 
American Roentgen Ray Society, for prog- 
ress in Postgraduate Education in the field 
of radiology has been its aim since its in cep- 
tion in 1900. The Constitution and By- 
Laws state: "The object of the Ameri- 
can Roentgen Ray Society shall be the 
advancement of medicine through the sci- 
ence of radiology." 

Too often, when we consider Postgradu- 
ate Education, the thought comes to mind 
of special courses for small groups given by 
a specifically designated faculty. We seem 
to have become so accustomed to the splen- 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1 4, 1968. 
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did quality of the scientific material in these 
Annual Meetings of the Society that we 
have not regarded it as primo facto con- 
tribution to Postgraduate Education. In 
his Presidential Address in 1961, the Editor 
of our Society's JouRNAL spoke of Inte- 
grated Radiology, meaning the combina- 
tion of Diagnostic Radiology, Therapeutic 
Radiology, and Nuclear Medicine. 

When the JounNAL was first published in 
1906 with Dr. Hickey as the Editor, 1t was 
called the AMERICAN QUARTERLY OF 
RoENTGENOLOGY, and there was recogni- 
tion of both diagnostic and therapeutic 
procedures. In 1913 the AMERICAN QUAR- 
TERLY OF RoENTGENOLOGY was changed to 
the AMERICAN JOURNAL OF ROENTGENOL- 
ocy. In 1916 when the American Radium 
Society was formed, its stated goal was: 
“To promote the scientific study of radium 
and its therapeutic application." In 1923 
the Journal was also adopted as the official 
organ of the American Radium Society and 
became known as the AMERICAN JOURNAL 
or RoENTGENOLOGY AND RapiuM THER- 
apy. After World War II, with the develop- 
ment of nuclear medicine, the Journal 
added its third category and 1s now prop- 
erly named the AMERICAN JOURNAL OF 
RoENTGENOLOGY, RapiuM THERAPY AND 
NUCLEAR MEDICINE. 

Beginning in 1956, after the Golden An- 
niversary, the format of the JourNaL has 
been so arranged as to group various scien- 
tific publications pertaining to special 
branches of radiology in the same issues. 
This is to promote the ease of study for 
those interested in the various subspecial- 
ties. The Editor and Assistant Editor have 
not only selected articles of current interest 
in diagnosis and treatment, but also have 
been careful to select papers in research, 
radiation physics and biology. The papers 
are selected from those given at the Annual 
Meetings of the American Roentgen Ray 
Society and American Radium Society, and 
from others that are submitted and are of 
high quality and interest to radiologists and 
other members of the profession. The So- 
ciety has maintained its high standards 


Stephen W. Brown 


DECEMBER, 1968 


throughout the years with high prerequi- 
sites for admission to membership and has 
maintained the highest quality in publica- 
tion in its JounNar. Throughout the years, 
we have been fortunate to have such illus- 
trious Editors as Dr. Preston M. Hickey, 
Dr. James T. Case, Dr. H. M. Imboden, 
Dr. Arthur C. Christie, Dr. Merrill C. 
Sosman, Dr. Lawrence Reynolds and Dr. 
Traian Leucutia. Dr. Leucutia has made a 
magnificent contribution to this Society 
and to Radiology. The JourRNAL has proved 
to be an invaluable source of Postgraduate 
Education in all fields of radiology. It has 
one of the largest circulations of the radio- 
logical periodicals in the world with 12,700 
monthly copies. 

This vear's program of the Society has 
as its theme the “Postgraduate Education 
in [Integrated Radiology." Throughout the 
4 days it has been so arranged as to have 
papers in Diagnostic Radiology, including 
its subspecialties, along with Therapeutic 
Radiology and Nuclear Medicine, pre- 
sented by outstanding authors on these 
various subjects. In addition, the Scientific 
Exhibits Committee has selected a large 
number of scientific exhibits of high caliber 
for your study. There has been adequate 
time allotted for the participants to study 
these excellent exhibits, and in many cases 
the authors are present with the exhibits at 
convenient times to discuss the various 
findings with interested students. 

It is necessary for the radiologist to se- 
lect proper equipment and to keep abreast 
of the engineering and technical develop- 
ments in his specialty. The managers of the 
Annual Meeting have arranged for techni- 
cal exhibits which afford one the opportu- 
nity to see and study the latest equipment 
and to discuss the merits of the various 
types of equipment with the manufactur- 
ers' representatives and with other radiol- 
ogists. 

One of the highlights of this meeting 1s 
the Caldwell Lecture, which is delivered by 
an eminent scientist in honor of the mem- 
ory of one of our outstanding members, 
Dr. Eugene Caldwell. Dr. Juan Taveras, 
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who has a great reputation in teaching, re- 
search, and clinical radiology, is this vear's 
Lecturer. 

Ours is mainly a Scientific Society and 
we leave the business and social aspects of 
radiology to the American College of Ra- 
diology, but we urge all of our members to 
take an active part in these aspects of radi- 
ology. During the years several of the Presi- 
dents have commented on the dangers of 
fragmentation of radiology and the changes 
in the practice of radiology, because of the 
impact of federal and third party insur- 
ance programs, and the lack of identifica- 
tion of the radiologist by the patient. 
Through the efforts of this Society and 
other Societies in Postgraduate Education, 
the radiologist has pursued a course of ex- 
cellence and has identified himself both 
with his fellow physicians and patients. We 
have found our image as radiologists and 
practitioners of medicine to be steadily im- 
proving. Much of this is related to the 
major special procedures now being prac- 


Forward 


m n^ 
/.5! 


ticed by radiologists that afford intimate 
contact with patients and other physicians. 
In addition to these developments, other 
changes have brought us further identifica. 
tion; such as separate billing, the increase in 
office practice of radiology, and the open- 
staff departments with direct referrals of 
patients to particular radiologists for their 
examinations. As the patient has become 
more knowledgeable about medicine, he 
has recognized the importance of excel. 
lence in Radiology, for his whole course of 
care may depend upon the quality of 
Diagnostic Radiologv or his very life mav 
depend upon the quality of Therapeutic 
Radiology and Nuclear Medicine. 

"Forward" is an inspiring term to de- 
scribe the great progress of this Society in 
promoting "'Postgraduate Education in 
Integrated Radiology." 


205 Medical Arts Building 
1467 Harper Street 
Augusta, Georgia 30902 
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EXPERIMENTAL VISCERAL ARTERIOGRAPHY IN 
BLUNT ABDOMINAL TRAUMA" 


By MELVYN H. SCHREIBER, 


MANKSE, M.D.,§ and CHA 


M.D.,T FRED J. WOLMA, M.D.,t ARNOLD O. 


RLES H. MOORE, M.D.| 


GALVESTON, TEXAS 


LUNT trauma to the abdomen in- 

creases in frequency as each year more 
and more persons are injured in automobile 
accidents.* The fact that blunt injuries to 
the abdomen are an important cause of 
death and morbidity has been amply docu- 
mented.52922:25 A large amount of informa- 
tion has been accumulated attesting to the 
frequency of injury to the kidneys and the 
value of angiography and other roentgeno- 
logic modalities in the diagnosis of the kind 
and extent of the lesion TARMI INEA 
Angiography has been employed in an 
effort to diagnose hepatic injuries,” and 
aggressive surgery has been recommended 
for nonpenetrating injuries of the liver, "^ 
Little has been written, however, on the 
subject of angiography of the spleen? and 
intestine in cases of blunt trauma to the 
abdomen. 

Seitchik and his associates" in 1960, 
showed the feasibility of demonstrating the 
visceral arteries of the dog by percutaneous 
catheter aortography. Scatliff and co- 
workers? undertook the experimental eval- 
uation of methods of angiography of the 
celiac axis in 1962, and recommended 
selective catheterization as the method of 
choice. Friedenberg et al. performed super- 
‘or mesenteric arteriography in dogs follow- 
ing the production of experimental venous 
thrombosis and demonstrated many of the 
abnormalities which follow such a vascular 
catastrophe. We are unfamiliar with any 
systematic arteriographic study of the 
effects of trauma on the viscera of the dog. 

* Accidents are the fourth leading cause of death in the United 


States according to the Vital Statistics Report, Annual Summary 


for the United States, 1966. U. S. DHEW. 


Studies currently employed in the evalu- 
ation of patients suffering from blunt ab- 
dominal trauma usuallv leave little doubt 
as to the necessity for operative treatment 
(rapidly falling hemoglobin, shock, etc.). 
However, in some cases injuries to the solid 
and hollow viscera may go undetected. 
The development of a safe, rapid and de- 
pendable method of percutaneous arterial 
catheterization provides a technique of 
preoperative evaluation not previously 
available and not extensively employed. 
Williams and Zollinger? reported that 
ordinary roentgenographic studies of the 
chest and abdomen were of diagnostic help 
in only about one-third of 200 patients 
studied with abdominal injuries. By the 
use of selective visceral arteriography, one 
might be able to determine the presence 
and extent of injuries to the solid and 
hollow viscera which might otherwise go 
undetected and lead to subsequent unex- 
pected morbidity. In order to establish 
and record the arteriographic characteris- 
tics of vascular patterns produced in known 
and controlled abdominal injuries and to 
demonstrate our limitations in interpreting 
the changes present, the following study 
was undertaken. 


METHOD AND MATERIAL 


Thirty mongrel dogs, each weighing 
about 40 pounds, were studied. Each was 
anesthetized by the administration of 25— 
35 mg./kg. of sodium pentobarbital, and 
each was sacrificed at the conclusion of the 
experiment without regaining conscious- 
ness. [n each case the right femoral artery 


* From the Departments of Radiology and General Surgery, University of Texas Medical Branch, Galveston, Texas. 
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was surgically exposed in the groin, and a 
red Kifa catheter was introduced under 
direct vision. The catheter tip was pre- 
curved to facilitate entrance into the 
specific visceral arterial trunk studied. 
Each catheter had only an end hole. Fight 
to IO cc. of contrast material was injected 
into each renal artery by hand (renovist 
was used throughout). Twenty to 25 cc. of 
contrast material was injected under a 
pressure of 250 pounds per square inch 
(Cordis injector) into the superior mesen- 
teric, celiac, splenic and hepatic arteries. 
Serial roentgenography was carried out in 
the anteroposterior projection, ordinarily 
at the rate of 1 to 2 roentgenograms per 
second for 6 to 12 seconds. 

In each case a control selective arterlog- 
raphy was performed as the initial pro- 
cedure. The abdomen was then opened and 
the organ of interest exposed. A specific 
injury such as might be the consequence of 
blunt trauma to the abdomen was then 
produced. The abdomen was closed and a 
variable amount of time allowed to elapse. 
In most cases an immediate post-trauma 
arteriogram was obtained (21 to 10 minutes 
after the injury), followed by 1 or more 
delayed arteriograms (30 to 60 to gO min- 
utes following the injury). 

The animal was then sacrificed bv the 
intravenous injection of a large dose of 
sodium pentobarbital, and the injured 
organ was examined and photographed in 
color and in black and white, i” sity (occa- 
sionally) and after removal (always). 

This report presents a correlation of the 
arteriographic findings with the character 
and extent of the injury experimentally 
produced. 


RESULTS 
KIDNEY 
The kidnevs of 8 animals were studied; 
both kidneys were studied in 4 animals and 
| kidney in 4 others (total of 12 kidneys). 
Because of the ease of catheterization of the 
renal arteries, the ease of display of its vas- 
cular system in the coronal plane and the 
intense nephrogram regularly produced, the 
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kidneys proved to be the most satisfactorv 
organ studied. 

1. Crushing Injury. These injuries were 
usually produced with a hemostat, a local- 
ized area of the kidney being crushed sev- 
eral times between the jaws of the clamp. 
Postinjury angiograms showed little change 
in the arterial phase except for some slight 
diminution in the caliber of arteries to the 
injured area and questionable straighten- 
ing and stretching of vessels in the vicinity. 
The nephrographic phase showed clear evi- 
dence of the injury, manifested as radiolu- 
cent defects in the nephrogram correspond- 
ing to the size and shape of the crushed 
tissue and associated hematoma ( Fig. 1, 4 
and 5). Examination of the specimen 
showed capsular interruption, subcapsular 
and parenchymal hemorrhage and paren- 
chymal destruction (Fig. 1C). The defect 
on the nephrogram corresponded exactlv to 
the area of parenchymal destruction and 
hemorrhage, and the radiolucent defect was 
thought to be produced by interruption of 
the blood supply to the area in question in 
addition to separation of areas of normally 
vascular uninjured parenchyma by the as- 
sociated hematoma. Crushing injuries were 
not associated with distortion in distant 
portions of the kidney nor was massive 
hemoperitoneum a complication. 

2. Laceration. A No. 32 wire was placed 
through the cortex and medulla of the kid- 
ney trom front to back; both ends of the 
wire were then led through a single exit 
stab wound in the flank to the exterior. The 
abdomen was closed, following which the 
wire was pulled out through the stab wound 
in the flank, thus lacerating the kidney 
with the abdomen closed. By using such a 
technique an immediate post-trauma ar- 
teriogram could be obtained as well as a 
delayed study. 

The arterial phase of the immediate post- 
trauma angiogram showed leakage of con- 
trast material through the laceration into 
the perirenal fat (Fig. 2, Æ and B). The ex. 
act location of the laceration was obvious 
on the arterial phase, and the nephrogra- 
phic phase of the angiogram performed im. 


mediately after the injury also showed leak- 
age of contrast material into the perirenal 
fat (Fig. 2, D and E). The delayed angio- 
graphic study (30 to 60 minutes following 
the injury) (Fig. 2, C and 7) showed a much 
larger defect in the nephrogram than could 
be accounted for by the linear laceration. 
Examination of the injured kidney (Fig. 
2G) showed the presence of a sizeable hem- 
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Vic. 1. (4) Postinjury angiogram, arterial 
phase. The arteries are not deformed or 
distorted, and, except for the early ap- 
pearance of defects in the nephrographic 
phase in the lower pole, no abnormality 
IS seen. 

(B) Postinjury angiogram, 
phase. A homogeneous nephrogram 1s 
present, and several irregular ragged ra- 
diolucent defects are noted in the lower 
pole of the kidney corresponding to the 
crushing injury produced experimentally. 

(C) The gross specimen shows crushed 
parenchyma and associated hematoma in 
the lower pole of the kidney. The radio- 
lucent defect in the angiogram corre- 
sponds to nonviable avascular tissue and 
associated hematoma. 


venous 


atoma within the laceration cleft, separat- 
ing the areas of normally vascular cortex 
and producing the radiolucent nephrogra- 
phic defect. Utilizing the nephrographic 
phase only, 1t was impossible to distinguish 
between a crushing injury and a laceration 
of the kidney. 

3. Arterial Occluston. One of the two 
major branches of the renal artery was 
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(G) The explanation for the wedge-shaped r 


men. The edges of the linear laceration have been separated 
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IG. 2. (A) Preinjury angiogram, arterial phase. (B) Immediate 
postinjury angiogram, arterial phase. Contrast material can 
be seen leaking from one of the upper pole arteries through a 
laceration in the cortex (arrow). (C) Late postinjury angio 
gram, arterial phase. The lacerated vessel has closed, and con 
trast material no longer extravasates from the vascular com 
partment. 

(D) Preinjury angiogram, venous phase. (E) Early post 
injury angiogram, venous phase. The extravasated contrast 
material can be seen pooled beneath the capsule in the upper 
pole of the left kidney. (F) Postinjury angiogram, venous 
phase. A wedge-shaped radiolucency (arrows) has developed 
in the area of the laceration. This is a wide radiolucent band 
compared with the linear laceration produced. 
adiolucency can be seen in this photograph of the gross speci 
and the intervening space filled bv blood clot, 


thus producing a wider radiolucent band than the width of the laceration. 
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avulsed, and following a 30 to 60 minute de- 
lay angiography was performed. The arter- 
ial phase clearly displayed the obstructed 
branch (Fig. 3, 7 and B), and a sparsity of 
arterial structures was obvious on the post- 
trauma arterial phase study. The nephro- 
graphic phase showed large avascular radio- 
lucent areas corresponding to the absent 
blood supply of the obstructed vessel and 
slightly diminished opacification of the re- 
nal vein (Fig. 3, C and D). The avascular 
areas were present in both the upper and 
lower poles of the kidney, indicating the ex- 
tensive nature of the distribution of the 
arterial branches of each of the two seg- 
mental arteries to the kidney. On the 
nephrographic phase alone the wedge- 
shaped avascular defects in the nephrogram 
were indistinguishable from the defects pro- 
duced by laceration or crushing. The gross 
specimen showed only the collapsed and 
bloodless arterial branch in the hilus. No 
change could be detected in the kidney 1t- 
self, either intact or sectioned (Fig. 34). 

4. Renal Vein Thrombosis. Arteriography 
was performed after completely obstruct- 
ing the renal vein. Angiograms were ob- 
tained 20 and 60 minutes following the in- 
jury (Fig. 4, 4, B and C). Both studies 
showed similar findings. The arterial phase 
was characterized by straightening and 
stretching of the arteries in an enlarged 
kidney, with poor demonstration of the 
peripheral arcuate and interlobular arcades. 
The late roentgenograms in each series 
showed continued arterial filling, with no 
development of a nephrogram and with no 
demonstration of the renal vein. The gross 
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specimen showed an enlarged, dusky hem- 
orrhagic kidney (Fig. 4D). The angiogra- 
phic changes are an accurate reflection of 
the delayed and grossly imperfect vascular 
perfusion of the kidney as well as the 
greatly increased renal venous and capillary 
pressure. The margin of the kidney was not 
distorted, but the entire organ was en- 
larged. 

s. Subcapsular Hematoma. These injur- 
ies were produced in two ways. The first 
was produced by the injection of arterial 
blood beneath the kidney capsule, separ- 
ating it from the underlying parenchyma. 
This technique was difficult and usually un- 
satisfactory, although a sizeable hematoma 
could sometimes be demonstrated if a suf- 
ficiently small needle was used to produce 
the injury (27 gauge or smaller). The arter- 
ial phase of the angiogram was unrevealing. 
The venous phase made 15 minutes follow- 
ing the injury showed persistence of arter 
ial filling, presumably due to the high pres- 
sure in the renal veins and capillaries pro- 
duced acutely bv the large subcapsular 
hematoma (Fig. 5, 4 and B). In this re- 
spect the immediate postinjury nephro- 
graphic (venous) phase much resembled 
the appearance in renal vein thrombosis. 
The nephrographic phase of the angiogram 
performed 45 minutes following the pro- 
duction of a subcapsular hematoma showed 
return of a spotty and irregular nephrogram 
with a concave cortical defect in the region 
of the subcapsular collection of blood (Fig. 
zC). The gross specimen, with the capsule 
opened logitudinally, showed the large sub- 
capsular hematoma occupying the upper 
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Fic. 3. (4) Preinjury angiogram, arterial phase. (B) Postinjury angiogram, arterial phase. The ventral 
branch of the renal artery has been avulsed, but following a 30 to 60 minute delay the bleeding had stopped 
and only the obstructed arterial branch was seen (arrow). A decrease in the number of blood vessels to the 
kidney may also be appreciated, and there are distinctly avascular zones in both the upper and lower poles. 

(C) Preinjury angiogram, venous phase. (D) Postinjury angiogram, venous phase. Radiolucent defects 
in the upper and lower poles correspond to avascular areas secondary to vascular obstruction. From the 
nephrogram alone one could not distinguish between under-perfusion due to vascular obstruction, crushing 


and laceration. 


(E) The opened gross specimen shows no abnormality. Too short a period of time has elapsed for in- 


farction to develop. 








FIG. 4. 


kidney. 


two-thirds of the cortical surface (Fig. 5D). 

The second method of production of a 
subcapsular hematoma required striking 
the kidney sharply with a metal retractor. 
Bleeding beneath the capsule became obvi- 
ous within a few moments. The abdomen 
was closed and angiography performed. 
The arterial phase showed no definite ab- 
normality except for some questionably 
diminished visualization of small arterial 
twigs to the area of injury. The nephro- 
graphic phase, however, displaved with 
great clarity the notch-like parench y- 
mal defect characteristic of subcapsular 
hematoma (when the hematoma is tangen- 
tial to the direction of the roentgen-rays) 
(Fig. 6, Æ and B). There was also some evi- 
dence of leakage of contrast material into 
the area of the hematoma itself. The gross 
specimen showed the large band-like sub- 
capsular hematoma bulging beneath the 
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postinjury angiogram, venous phase. 
time has elapsed for venous filling, the renal arteries re- 
main filled. Theinterlobular branches are stretched, and the 
kidney is enlarged. (C) Late postinjury angiogram, venous 
phase. The findings are the same, namely failure of venous 
filling, persistence of arterial filling, and enlargement of the 
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(4) Preinjury angiogram, venous phase. (B) Early 


Although sufficient 


(D) The gross specimen shows a distended renal vein and 
a markedly distended, congested and enlarged kidney. 


kidney capsule (Fig. 6, C and D). 

In another experiment a subcapsular 
hematoma was produced directly on the 
anterior aspect of the lower pole of the kid- 
ney and anteroposterior angiography was 
performed as usual. The only abnormality 
noted was widening of the lower pole in the 
region of the hematoma, presum ably due to 
flattening of the vascularized tissue by the 
anteriorly situated blood clot. This appear- 
ance rapidly returned to normal as the 
hematoma spread beneath the capsule. 

6. Perirenal Hematoma. A stiff metal 
wire was passed through the catheter, the 
tip of which was within the renal artery. 
The wire was then advanced through the 
tip of the catheter and allowed to puncture 
the wall of the main renal artery. The wire 
was then removed, and after a 5 minute de- 
lay arteriography was performed. The ar- 
terial phase angiograms demonstrated ac- 
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curately the site of the arterial puncture 
and showed contrast material leaking from 
the vessel into the perirenal hilar fat (Fig. 
7, 44 and B). The nephrographic phase 
showed contrast material puddled in an ir- 
regular manner in the region of the renal 
hilus (Fig. 7, D and E). A delayed post- 
trauma arteriogram (45 to 60 minutes de- 
lav) showed, in the arterial phase, that the 
leak had been sealed, and contrast materia] 
no longer extravasated from the artery 
(Fig. 7C). There was some residual contrast 
material pooled in the region of the upper 
pole from a previous injection, but in gen- 
eral the renal arteriogram was normal on 
the delayed arterial phase except for sub- 
stantial increase in size of the kidnev. The 
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lic. 5. (4) Preinjury angiogram, venous phase. (B) Early 
postinjury angiogram, venous phase. A subcapsular hema. 
toma has been artificially produced, and the acute elevation 
of parenchymal and venous pressure produced by the sub- 
capsular injection of blood has caused the contrast material 
to stagnate in the renal arteries. (The arrow points to a 
nodular density produced by the animal’s nipple.) (C) De- 
layed postinjury angiogram, 
pressure has apparently declined sufficiently that a nephro- 
gram is produced. A concave cortical depression (arrow) is 
seen in the region of the subcapsular hematoma. 
(D) The capsule has been opened longitudinally, and the 
large subcapsular hematoma occupying the 
thirds of the cortical surface is plainly visible. 


venous phase. The venous 


upper two- 


reason for this increase in size was displayed 
on the delayed nephrographic phase films 
where enlargement of the kidney was also 
seen in addition to some constriction of the 
renal vein due to the perirenal hematoma 
(Fig. 77). We presume that partial ob- 
struction of the renal vein was responsible 
for the increase in renal size. This was the 
only finding of note on the angiogram ob- 
tained following a 45 to 60 minute delay 
after the injury. The gross specimen showed 
the left kidney enclosed by a large hema- 
toma 1n the perirenal fat, particularly med- 


tally (Fig. 7G). 


SPLEEN 


Nine animals were studied tollowing the 
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( B) Postinjury angiogram, venous shase. The arrow points 
ateral aspect of the lower pole ot the left kidney. This 


ic. 6. (4) Preinjury angiogram, venous phase. 
to a large concave notch on the cortical surface of the | 

a large subcapsular hematoma which has depressed the cortex inward. 

rows the large band-like subcapsular hematoma bulging 


notch is produced by 
(C) This oblique view of the gross specimen sl 
beneath the kidnev capsule. (D) The opened gross specimen shows depression of the renal cortex in the 
region of the hematoma producing a defect which corresponds exactly to that seen on the angiogram. 
The arterial phase in the early post-trauma 
spleen. roentgenograms (Fig. 8, .7 and B) consis- 
ví Arterial Tear Cdvulsion). Avulsion of tently showed extravasation of contrast 
material into the peritoneal cavity. Even a 
5 minute delayed arteriogram showed 
sss contrast extravasation (Fig. 8C). The 


production of various kinds of injury to the 


the lower pole artery was performed in 
several animals followed by immediate and 3 
delayed selective splenic arteriography. gr 


— 
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(D) Preinjury angiogram, venous phase. 
angiogram, venous phase. 
into the perirenal fat is plainly visible. (F) Late postinjury angio- 
gram, venous phase. The cause for enlargement of the kidney may 
be the constriction of the renal vein (arrows) produced by the peri- 
renal hematoma (compare with size 
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lic. 7. (4) Preinjury angiogram, arterial phase. (B) Early postinjury 
angiogram, arterial phase. A puncture hole in the main renal arterv 
permits extravasation of contrast material into the perirenal fat. 
(C) Late postinjury angiogram, arterial 
stopped. A small amount of contrast material is seen about the up- 
per pole of the kidney from the previous 
phase shows no abnormality except for enlargement of the kidney. 


phase. The bleeding has 
injection. The arterial 


(E) Early postinjury 
The extravasation of contrast material 


and shape of renal vein in D). 


(G) Photograph of the gross specimen shows the left kidney enclosed by a large hematoma in the 
perirenal fat, particularly medially. When the hematoma was carefully removed, the underlying kid. 


ney was normal except for being slightly enlarged. 


arterial phase of the angiography per- 
formed 1 hour and 1 4 minutes following the 
injury (Fig. 8D) showed only non-filling of 
the lower pole arterv; the bleeding had 
ceased. The delayed venous phase roent- 
genograms showed extravasation on the 
5 minute and 35 minute post-trauma angio- 
grams (Fig. 8. £, F and G): The venous 
phase films of the angiography exposed 1 
hour and 15 minutes after the injury 


showed only absence of the parenchymal 
phase of splenic opacification in the area 
supplied by the avulsed artery (Fig. 877). 
The gross specimen displayed the torn ves. 
sel associated with marked hemoperiton- 
eum, but the spleen itself was not remark. 
able. 

2. Transection of the Spleen. The spleen 
was completely divided at its narrowest 
point, care being taken to preserve the 
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large and small branches of the splenic 
artery. A postinjury arteriogram displayed 
no abnormality in either the arterial or the 
parenchymal (venous) phases. Thus, this 
gross injury was not detectable in the 
dog. The reason is believed to be the poor 
parenchymal opacification of the spleen 
obtained in the dog as opposed to the hu- 
man. It is thought that transection of the 
spleen in the human would likely show a 
gross interruption in the more homogeneous 
splenogram. It is also considered that such 
an injury in the human would likely pro- 
duce such massive bleeding into the peri- 
toneal cavity that there would be no oppor- 
tunity for arteriography. 

3. Subcapsular Hematoma. The Injury 
was produced by striking the exposed 
spleen repeatedly with a blunt Instrument, 
usually a metallic retractor. Care and per- 
sistence were required to produce subcap- 
sular bleeding without a capsular tear. 
Three distinct patterns of angiographic ab- 
normality were discovered. 

(a) Extravasation. Arterial phase of the 
angiography performed 35 minutes follow. 
ing the injury showed early pooling of con- 
trast material in the areas of subcapsular 
bleeding. The parenchymal (venous) phase 
of the delayed post-trauma arteriogram 
(Fig. 9, 4 and B) showed a large collection 
of contrast material which had entered the 
subcapsular blood pool. Examination of the 
gross specimen showed a sizeable bubble of 
blood beneath the capsule in the area of ex. 
travasation but also demonstrated a capsu- 
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lic. 8. (4) Preinjury angiogram, arterial phase. (B) F 
branch of the splenic artery to its lower half h 
adjacent tissues. The arteries close to the 
arterial phase. Despite a 35 minute delay, extravasa 
jury angiogram, arterial phase. The bleeding h 
the obstructed avulsed vessel to fill (arrow). 

( £) Preinjury angiogr 
in the dog. (F) 
jury angiogram, venous phase. The extravas 
venous phase. The only abnorm 
gram is seen. 
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lar laceration, allowing the leakage of blood 
and contrast material into the peritoneal 
cavity. This laceration is probably 
sible for the movement of blood through the 
hematoma and the ability of the contrast 
material to gain access to the subcapsular 
blood pool. 

(b) Stretching of vessels. When a large 
subcapsular hematoma was produced on 
the anterior surface of the spleen, without 
capsular tear, the arterial phase of the an. 
giography (Fig. 10, 4 and B) displayed 
considerable elongation, straightening and 
stretching of the peripheral arteria] 
branches of the splenic artery about the 
hematoma. The venous phase (Fig. 10, C 
and D) showed loss of the splenogram 
(which in the dog is never very distinct) 
and some contrast puddling in the area of 
the injury. The gross specimen showed one 
large and one small subcapsular hematoma 
deforming the lower pole of the spleen in 
the region of the angiographic changes ( Fig. 
IO£). 

(c) Notched parenchymal defect. When 
the subcapsular hematoma was arranged 
tangential to the incident roentgen-ray 
beam, a notched defect in the parenchymal 
phase of splenic opacification was produced 
The arterial phase was largely unrevealing 
(Mg. 17, f and B), but the venous phase 
(Fig. 11, C and D) showed displacement of 
the opacified splenic parenchyma 
from the capsule by the intervening clot. 
Thus, the development of a subcapsular 
hematoma of this form produced 


respon- 


away 


almost 


“arly postinjury angiogram, arterial phase. The large 
al extravasates into the 
ater postinjury angiogram, 


tion from the torn vessel continues. (D) | 


ate postin- 
ayed is failure of 


as a coarsely granular appe 


arance normally 
ase. The extravasation is obvious. ( 


G) Later postin- 
te postinjury angiogram, 
ase of the arteriogram. No spleno- 


M. H. Schreiber, F. 


744 






€ 


s 
n 
hw 


iG. 9. (4) Preinjury angiogram, venous phase. 
venous phase. Contrast material has pooled in 


identical findings in the spleen and in the 
kidney, although the homogeneous char- 
acter of the parenchymal phase of opacifi- 
cation in the kidney made the lesion much 
easier to detect in that organ than in the 
spleen. The gross specimen showed the 
large subcapsular hematoma in the area of 
the notched parenchymal defect in the 
spleen (Fig. 11 £). 

4. Laceratton. Splenic lacerations were 


Fic. 10. (4) Preinjury angiogram arterial phase. (5) 
d = = ) 


The splenic vein is well displayed. 
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( B) Postinjury angiogram, 
a large subcapsular blood collection (arrow). 


produced either by opening the abdomen 
and lacerating the spleen with a sharp or 
blunt instrument or by a sharp blow di- 
rectly over the spleen by a blunt object, 
without opening the abdomen. [n each case 
the injury produced was several inches long 
and about a centimeter deep. Arteriogra- 
phic findings were variable. In some cases 
the only evidence of injury was failure to 


develop a splenogram in the venous phase 


Sy > 


Postinjury angiogram, arterial phase. The arteries to 
the lower part of the spleen are considerably straightened 


and stretched around a large subcapsular hema- 


toma, the plane of which 1s at right angles to the roentgen-ray beam. 


(C) Preinjury 


no longer visible, and there is some slight puddling of contrast material in the large hematoma (arrow). 
(E) Gross specimen shows one large and one small subcapsular hematoma 
angiographic changes. 


the spleen in the region of the 


angiogram, venous phase. (D) Postinjury angiogram, venous phase. The “splenogram”” is 


deforming the lower pole of 
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of opacification, there being no sign of the 
injury in the arterial phase. More often, 
however, the arterial phase showed some 
stretching of vessels about the foci of pa- 
renchymal hemorrhage, with leakage of 
contrast material in small pools and pud- 
dles into the area of injury through still 
bleeding vessels (Fig. 12, 4—D). The venous 
phase showed continued evidence of puddl- 
ing and pooling of the contrast material 
within the area of injury, even as long as an 
hour after the injury occurred. The gross 
specimen showed the laceration to be re- 
sponsible for the areas of local extravasa- 
tion of the contrast material (Fig. 12£). 

5. Contusion. This injury was produced 
by striking the spleen with a blunt metallic 
object, usually a retractor, until obvious 
swelling and discoloration occurred but be- 
fore the development of a subcapsular hem- 
atoma. Arteriography was performed after 
a delay of 30 to 45 minutes. The arterial 
phase showed no abnormality, and the only 
abnormality displayed on the delayed an- 
giograms (venous phase) was failure to de- 
velop a detectable splenogram. The find- 
ing was thus nonspecific, and splenic con- 
tusion could be suspected only in a general 
way. 


INTESTINE 


Seven animals were studied. 

1. Subserosal Hematoma. This injury was 
produced by the injection of arterial blood 
through a 25 gauge needle beneath the 
serosa of the bowel, generally on the anti- 
mesenteric border. Care was exercised to 
return the bowel to its normal position in 
the peritoneal cavity following the produc- 
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tion of the injury, but this was not always 
successful. Thus the interpretation of the 
arteriogram was influenced to a certain de- 
gree by the ability of the operator to re- 
establish the spatial relationships which 
existed prior to the injury. The arterial 
phase angiograms following the injury (Fig. 
13, 47 and B) showed stretching of the arter- 
les in the wall of the bowel around the sub- 
serosal blood clot. The delayed or venous 
phase angiograms (Fig. 13, C and D) 
showed one of two findings: either there was 
evidence of diminished opacification of the 
bowel wall in the region of the hematoma or 
there was evidence of increased venous re- 
turn from the area of injury. The gross 
specimen showed a localized subserosal 
hematoma (Fig. 15). 

2. Mesenteric Hematoma. This injury 
was produced by gently striking the mesen- 
tery with a blunt metallic instrument until 
small veins were ruptured producing bleed- 
ing between the leaves of the mesentery. 
Direct. needling was attempted, but the 
frail mesentery consistently tore under 
these circumstances. Arteriography failed 
to reveal any abnormality except for ques- 
tionable straightening and stretching of the 
vessels in the vicinity of the hematoma. 
The delayed venous phase angiograms were 
not helpful. 

3. Mesenteric Vein Thrombosis. The su- 
perior mesenteric vein was ligated high in 
the abdomen and near its junction with the 
portal vein. Arteriography was delayed for 
30 to 60 minutes following the injury. The 
arterial phase consistently displayed 
stretching and separation of the peripheral 
branches of the mesenteric artery around 


lic. 11. (4) Preinjury angiogram, arterial phase. This dog had an unusually large spleen, the lower pole of 
which projected to the right of the midline. It is this part of the spleen that is shown here. (B) Postinjury 
angiogram, arterial phase. No abnormality is displayed. 

(C) Preinjury angiogram, venous phase. A coarsely granular splenogram is seen. (D) Postinjury angio- 
gram, venous phase. A notched defect (arrows) is faintly seen on the lateral aspect of the spleen in the 
region of a large subcapsular hematoma. The normally vascularized splenic pulp has been displaced in- 
wardly by the subcapsular hematoma responsible for the notched parenchymal defect. 

(E) Gross specimen shows the large subcapsular hematoma in the area of the notched parenchymal de- 


fect in the spleen. 





ic. 12. (A) Preinjury angiogram, arterial phase. (5, C 
and D) Postinjury angiograms in the arterial phase at 
varying intervals of time after the injury. All show 
puddles of contrast material due to extravasation 
from torn vessels in the region of the laceration (ar- 
rows). 

( E) Gross specimen displays the laceration responsi- 
ble for the areas of local extravasation of contrast ma- 
terial. 
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Fic. 13. (4) Preinjury angiogram, arterial phase. 'The vessels to the intestine are normally tortuous. (5) 
Postinjury angiogram, arterial phase. The small vessels to one localized area of bowel (arrows) are now 
seen to be distorted and stretched around a sizeable subserosal hematoma. 

(C) Preinjury angiogram, venous phase. The small mesenteric venous tributaries drain into the superior 
mesenteric vein. (D) Postinjury angiogram, venous phase. The only abnormality noted 1s an augmented 
venous return from the area of injury (arrow). 

(E) The localized subserosal hematoma is displayed. 
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greatly dilated loops of bowel. The arterial 
phase also displayed considerable reflux of 
contrast material into the abdominal aorta 
despite the selective injection of the super- 
‘or mesenteric artery with an end hole 
catheter, attesting to the high pressure in 
the superior mesenteric arterial system 
(Fig. 14, 4 and D). The delayed or venous 
phase angiograms (Fig. 14, C and D) 
showed continued arterial filling and non- 
visualization of the venous structures 
draining the distended bowel. The gross 
specimen showed the affected bowel to be 
markedly distended, dusky and discolored, 
with grossly distended veins throughout 
the mesentery and serosal surface. 

4. Bursting Injury. Gas was forced from 
above and below into a loop of bowel, fol- 
lowing which the loop was isolated by 
clamps proximally and distally. The dis- 
tended closed loop was struck a sharp blow 
with a blunt instrument, rupturing the 
bowel and causing peritoneal spill of intes- 
tinal contents. The clamps were then re- 
moved and the abdomen closed. Arteriog- 
raphy following such an injury showed no 
abnormality in either the arterial or venous 
phases. Apparently no vessel of great size 
was torn and there was little bleeding. No 
subserosal or mesenteric hematoma was 
produced to distort the vessels in the area. 
In our experience a localized bursting 
injury of the bowel under these circum- 
stances produced no detectable arterio- 
graphic findings. 


LIVER 


Six animals were studied; two types of 
injuries were produced. 

t. Laceration. Lacerations of the liver 
were produced under direct vision by cut- 
ting with a knife or striking the liver 
sharply with a blunt metallic object. As in 
the spleen, extravasation of the contrast 
material into the hepatic parenchyma in 
the region of the laceration was easily 
detected (Fig. 15, 4 and B). Even roent- 
genograms delayed for as long as 50 min- 
utes following the injury showed continued 
extravasation in a stellate pattern in the re- 
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gion of the parenchymal injury (Fig. 15C). 
Both the arterial and venous phases were 
valuable in this respect. The gross specimen 
showed the linear and stellate hepatic 
lacerations (Fig. 15D). 

>. Subcapsular and Parenchymal Hema- 
tomas. The artificial production of hemato- 
mas in the liver was quite difficult, and we 
were repeatedly unsuccessful in producing 
a mass lesion within the parenchyma by 
the injection of blood beneath the capsule. 
The very delicate capsule tore easily, and 
blood injected into the parenchyma was 
apparently rapidly absorbed or diffused. 
A lesion accurately simulating a subcap- 
sular hematoma was finally produced by 
the injection of silastic into the liver; it 
solidified and was not absorbed or diffused 
(Fig. 16, E and F). Postinjury arterlograms 
(Fig. 16, Æ and B) demonstrated stretching 
of parenchymal hepatic branches around 
the avascular simulated hematoma, and the 
venous phase roentgenograms (Fig. 16, 
C and D) showed a radiolucent filling defect 
in the opacified parenchyma in the region 
of the artificial hematoma. All of the hema- 
tomas were seen en face; we presume that a 
hematoma beneath the capsule arranged 
tangential to the roentgen-ray beam would 
show a notched defect as it did in the kid- 
ney and in the spleen. 

DISCUSSION 

The choice of angiography as a method 
for studying a patient with blunt abdominal 
injury depends upon the circumstances in 
each case, but there is no doubt that many 
kinds of lesions of the solid and hollow 
abdominal viscera can be accurately dis- 
played by selective visceral arteriography. 
Of the abdominal organs, the kidneys are 
the easiest to study arteriographically and 
disclose evidences of injury most readily. 
The predictable development of a dense 
nephrogram aids in the diagnosis of injuries 
which grossly distort the renal parenchyma, 
while signs of injury in the arterial phase 
are less dependable. Even small lacerations 
and subcapsular collections of blood can be 
shown arteriographically. While the pres- 
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FIG. 14. (4) Preinjury angiogram, arterial phase. The mesenteric arterial branches are normally tortuous. 
(B) Postinjury angiogram, arterial phase. The mesenteric artery branches are stretched and 
around grossly distended bowel. There is considerable reflux of contrast material into the abd 
despite the selective injection of the superior mesenteric artery with an end-hole catheter. 

(C) Preinjury angiogram, venous phase. (D) Postinjury angiogram, venous phase. There is continued 
arterial filling and failure of visualization of venous structures draining the distended bowel. 


straightened 
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l'1G. 15. (4) Preinjury angiogram, 
arterial phase. (B) Early postin- 
jury angiogram, arterial phase. 
Contrast material extravasates 
from the hepatic lacerations in 
both the right and left lobes (ar- 
rows). The arteries themselves 
are not abnormal. (C) Late post- 
injury angiogram, arterial phase. 
Even as late as 50 minutes follow- 
ing the injury, contrast material 
continues to extravasate into the 
lacerated parenchyma (arrows). 

(D) Gross specimen shows the 
linear and stellate hepatic lacera- 
tions. 
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Frc. 16. (A) Preinjury angiogram, arterial phase. The tortuous hepatic arterial branches are closely grouped 
together. (B) Postinjury angiogram, arterial phase. The hepatic arteries have been spread apart and some- 
what straightened. Numerous smaller vessels are markedly stretched over a large subcapsular hematoma 
(arrows). 
| (C) Preinjury angiogram, Venous phase. A more or less homogeneous hepatogram IS present in the upper 
part of the picture. (D) Postinjury angiogram, venous phase. The liver is slightly enlarged, and a large 
radiolucent defect is present in the region of the artificial subcapsular hematoma (arrow heads). The under- 
lying hepatic parenchyma has been compressed, flattened and thinned, thus rendering the parenchymal 
phase of opacification less dense in the region of the hematoma. E | 

(E) The gross specimen shows the silastic subcapsular “hematoma” before sectioning. (F) Section 
through the silastic “hematoma” and adjacent liver shows the manner in which the lesion depresses and 
compresses the underlying hepatic parenchyma. 
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ence of a control studv with which to 
compare the postinjury arterlogram Was 
always valuable, it was considered unlikely 
that any of the injuries displayed arterio- 
graphically would have been missed even 
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if the control study had been unavailable. 
This was not so in the case of the other 
abdominal viscera. Some of the changes 
seen on the postinjury arteriogram in small 
subserosal 


hematomas of the intestine. 
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hematomas of the mesentery, small lacera- 
tions of the splenic parenchyma and some 
intrahepatic hematomas were so slight as 
to have been missed unless they were com- 
pared with the control preinjury angio- 
gram. Nonetheless, most of the injuries to 
the spleen, liver and intestine were ac- 
curately portrayed angiographically, and 
several distinctive patterns of arterio- 
graphic change were displayed. These con- 
sisted, for the most part, of evidences of 
distortion of the parenchyma in the venous 
phase of opacification, and extravasation 
of contrast material either into the organ or 
into the peritoneal cavity during active 
bleeding. Certain specific injuries, such as 
arterial or venous obstruction, had specific 
and diagnostic angiographic patterns. 

Angiograms obtained early after the 
injury commonly disclosed evidence of 
active bleeding manifested as extravasation 
of contrast material outside of vascular 
lumens. In some of the injuries this evi- 
dence of bleeding persisted, and 1t can be 
expected that if bleeding continues in an 
injured organ that arteriography, selec- 
tively performed, will divulge the bleeding 
site. However, many times the bleeding 
had stopped by the time the angiogram was 
performed, and in these cases parenchymal 
and vascular distortion without extravasa- 
tion had to be relied upon to make a diag- 
nosis. This latter condition is the one most 
likely to be obtained in a clinical situation. 
Thus, it is anticipated that lacerations, 
fractures and subserosal and subcapsular 
hematomas will be seen more often than 
active visceral bleeding. 

These experiments have helped to clarify 
and define the nature and extent of the 
vascular alterations demonstrable angio- 
graphically following injury to the abdomen 
and may serve as a reference point for 
further experimental study and for clinical 
application. 


SUMMARY 


Selective visceral arteriography, per- 
formed in 30 dogs before and after con- 
trolled injuries to abdominal viscera, dem- 
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onstrated a variety of angiographic pat- 
terns, some of which were characteristic of 
the injury responsible. Active bleeding was 
displaved on numerous occasions, and 
lacerations and subserosal and subcapsular 
hematomas were accurately shown. Vascu- 
lar occlusions, whether arterial or venous, 
produced angiographic changes which per- 
mitted accurate diagnosis, but hematomas 
in the mesenterv, bursting injuries of the 
bowel with little active bleeding and small 
contusions and hematomas of the solid 
viscera produced few characteristic findings 
and were for the most part impossible to 
diagnose. 

The place of selective visceral angiog- 
raphy in the evaluation of patients with 
blunt abdominal injuries is uncertain at 
present. That many of these injuries can 
be accurately and completely diagnosed 
by vascular contrast studies is without 
doubt. The value of a negative angiographic 
survey of the abdomen is less certain. This 
study may serve as a basis for further 
investigations and for selected clinical 
applications. 


Melvyn H. Schreiber, M.D. 
Department of Radiology 
University of Texas 
Medical Branch 

Galveston, Texas 77550 
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XENON AS AN INHALATION CONTRAST MEDIUM 
UNDER HYPERBARIC CONDITIONS" 


ANIMAL STUDIES 


By STEFAN S. WINKLER, M.D. 


DURHAM, NORTH CAROLINA 


I* A previous paper it was reported that 
xenon,* an inert gas of atomic number 
54, becomes increasingly radiopaque at 
higher pressures, approaching the radiopac- 
ity of water in the vicinity of 3 to 4 atmos- 
pheres absolute. When air is similarly 
compressed, no change in radiopacity 1s 
noted. Krvpton, an inert gas of atomic 
number 36, exhibits a similar increase in 
radiopacity with pressure, although to a 
much lesser degree than xenon. 

While previous attempts to use xenon as 
an inhalation contrast medium at ambient 
pressure proved unsuccessful, ?^ the au- 
thor's experiments suggested that xenon 
might indeed become a useful contrast me- 
dium at higher pressures. Subsequently, 
we reported using xenon as a contrast 
medium in excised dogs' lungs at 3.5 at- 
mospheres absolute, obtaining broncho- 
grams of good quality.’ 

The next step was to apply xenon as a 
contrast medium in the intact animal. 
Existing hyperbaric facilities are generally 
of two types: (1) the small chamber with 
the subject inside while the investigator 
manipulates the environment from with- 
out; and (2) the large chamber allowing 
both subject and investigator to enter the 
chamber. 

Most large chambers are relatively 
small when one thinks in terms of diagnos- 
tic x-ray equipment. Furthermore, because 
of the increased fire hazard at higher oxy- 
gen tensions, ordinary x-ray equipment 
does not meet the strict safety standards 
set for these chambers. As a result, an 


* Xenon supplied by Air Reduction Corporation. 


animal chambert especially designed to 
allow control of the animal’s respirations 
from without, while also allowing serial 
roentgenography or cineroentgenography 
through the chamber wall, was constructed. 
Initial observations using this chamber are 
described below. 


METHOD 


The chamber is shown in Figures I to 4. 
It consists of a steel cvlinder having a 1/4 
inch. thick aluminum or 3/4 inch thick 
clear plastic (“Lexan”) central section. 
The central section allows roentgenography 
of the animal. When the aluminum section 
is in place, the chamber may be pressurized 
to 8 atmospheres absolute, while with 
Lexan, the upper limit 1s 4.3 atmospheres 
absolute. The chamber holds a dog weigh- 
ing up to 40 pounds. The whole cylinder is 
mounted on a carriage on which it may ro- 
tate to allow change of projection. For 
serial roentgenography, the cylinder on its 
carriage can be rolled into position over a 
film changer, while for cine studies the 
cylinder may be lifted onto an x-ray table. 

The front and rear doors of the chamber 
are removable. Penetrations through the 
front door supply the air and xenon which 
the animal breathes, while penetrations 
through the rear door supply the air for 
pressurization. The animal is placed on a 
tray attached to the front door. All the air 
the animal breathes comes to it by way of 
penetrations in the front door through a 
Bird respirator, which is also on the tray. 
The controls of the respirator can be oper- 


1 Built by Bethlehem Corporation, Bethlehem, Pennsy lvania. 


* Presented in part at the Sixty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D.C., September 


26-29, 1967. 
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liG. 1. Hyperbaric chamber for animal experiments. Note central aluminum section for roentgenography 
l'ront door can be removed and with attached tray forms separate unit containing Bird respirator, xenon 
hlled balloon, and valves for switching from air to xenon-breathing. 


ated by knobs on the outside of the door, 
allowing changes in depth of respiration, 
In respiratory rate, and in rate of air flow. 
In addition, by means of valves also con. 
trolled from outside, one can shunt the 
air coming out of the respirator into a lu- 
cite box containing a xenon-filled balloon. 
Ihis permits switching the animal from 
air-breathing to xenon-breathing (Fig. 3), 
and 1s coordinated with roentgenography. 

Using this svstem, a total of 34 studies 
on mongrel dogs, introducing xenon at 
varlous times in the respiratory cycle, were 
pertormed. Some initial experiments were 
performed at 6 atmospheres absolute. It 
was soon learned, however, that à ut 
mospheres absolute is a much more con- 
venient working pressure, providing almost 
as good radiopacitv. Animal preparation 
consisted of anesthesia with sodium pento- 
barbital and intubation. Various roentgen- 
ographic techniques were attempted. Gen- 
erally, it was found that emploving low 
kilovoltage gave the best contrast, although 
this was not very critical. Serial roentgen- 
ograms were taken on a Schónander film 
changer. Several cine studies were also at- 





IG. 2. Animal set up on tray ready to be put int: 
tempted. chamber for pressurization. 
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A,B,C,and D are " open ond close" valves 
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lic. 3. Diagram of respiratory circuit. (1) When animal is breathing air, ^A" is open; ^B," «(and D are 
closed. (2) To fill the balloon with xenon, “D” must be opened; when balloon is full, “D” is closed. (3) To 
switch from air to xenon-breathing, “A” is closed as “B” and “C” are simultaneously opened. Air from the 
respirator then compresses the balloon, ventilating the animal with xenon. 


RESULTS 


A sequence showing the inhalation and 
exhalation of a small bolus of xenon intro- 
duced toward the end of inspiration is 
shown in Figure 5, 4-D. In other studies à 





Fic. 4. Pressure gauge attached to animal's endo- 
tracheal tube, and lucite box containing balloon as 
seen through porthole of chamber. Observation 
of this gauge and balloon allows coordination of 
respiratory events with roentgenography. 


large breath of xenon was given and held 
over a period of seconds. In these studies, 
the apical bronchi consistently are visual- 
ized very clearly, while the other parts of 
the lung show a diffuse but irregular 1n- 
crease in radiopacity resembling an al 
veolar infiltrate such as pulmonary edema. 

The difference in visualization between 
the upper lobe and lower lobe bronchi 1s 
believed to be due to the relatively greater 
ventilation of the lower lobes. On cine 
studies, again, excellent visualization of 
the apical bronchi was obtained, allowing 
one actually to follow the gas column into 
the bronchi, while visualization of the 
lower lobe bronchi was not very clear. 

It was not possible to assess the anesthet- 
ic effects of xenon in these studies. Since 
the animals were on a respirator, air 
breathing was resumed immediately after 
the xenon inhalation. Most of these ani- 
mals recovered following a period of de- 
compression. Some of the animals were 
used repeatedly. 


DISCUSSION 


Table 1 compares some pertinent bio- 
logic and physical characteristics of xenon, 
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TABLE I 


COMPARISON OF BIOLOGIC AND PHYSICAL CHARACTERISTICS OF XENON, KRYPTON AND NITROGEN 











| | 
































TE Xenon Krypt Ni > 
Atomic Number "P - Ren 
54 36 7 
——— M— MÀ ÀÀ— | | 
Solubility Coefficient in 
Water at 58? C. .o850 .0450 .0130 
ESA a mE ] 
Solubility Coefficient in 
Human Fat at 37? C. I.600 .410 .062 
HRS EUN = 
Viscosity at 20° C. 1 At- | 
mosphere (micropoises) 229 4 249.6 | 175.0 








Mild anesthetic at at- 
mospheric pressure, cap- 


Anesthetic Properties 





3 atmospheres absolute 
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krypton, and nitrogen? Xenon is about 
6.5 times as soluble in water as nitrogen 
and 26 times as soluble in fat. Closely cor- 
related with the increased solubility in tis- 
sue are the anesthetic properties of these 
gases. While nitrogen has no known anes- 
thetic properties at normal atmospheric 
pressure, xenon is a mild anesthetic. At 
higher pressures, nitrogen is known to 
cause euphoria and confusion, so.called 
"nitrogen narcosis.” 

Xenon, on the other hand, is capable of 
producing profound surgical anesthesia at 
3 atmospheres absolute? While these an. 
esthetic properties are important consid- 
erations for any proposed roentgenographic 
use of xenon, the anesthesia is rapidly re- 
versible as long as the subject's ventilation 
can be artificially controlled. Furthermore, 
most contemplated roentgenographic uses 
would not require prolonged breathing of 
the gas. 

Most of the experiments were performed 
at 4 atmospheres absolute. Experiments at 
6 atmospheres absolute showed insufficient 
increase in radiopacity to make the use of 
these higher pressures worthwhile. It Was 
shown in our previous publication that the 
slope of increase of radiopacity of xenon 
with increasing pressure is not linear, but 
rather is steep the first 3 to 4 atmospheres, 


able of deep anesthesia at 








“Nitrogen narcosis” at 
higher pressures 


Intermediate between 
nitrogen and xenon 





becoming more gradual thereafter.® This 
type of curve is to be expected with a polv- 
chromatic beam of radiation and finds its 
analogy in the curves obtained for the ab. 
sorption of radiation by Increasing thick- 
nesses of solid absorbers, 

Thus, for any practical working pres- 
sures, xenon is a contrast medium of tissue 
density or slightly greater than tissue den. 
sity, and 4 atmospheres absolute appears 
to be a convenient working pressure. 

At present, the use of this gas as a con- 
trast medium remains an experimental 
procedure for studying regional ventila- 
tion. The roentgenograms in this paper 
show how this may be done. In the 4 
second interval of exhalation between 
Figure 5, B and C, the lower lobe bronch; 
have completely cleared while the middle 
lobe bronchi show traces of xenon, and the 
upper lobe bronchi are essentially un- 
changed from the preceding study. 

From this pattern, one may definitely 
conclude that during this 1 second interval 
of expiration, the lower lobe bronchi venti. 
late most, the middle lobe bronchi are 
intermediate, while the apical bronchi 
ventilate least. Unfortunately, it was not 
possible to correlate the intrabronchial 
pressures with the roentgenograms and, 
thus, perform reproducible experiments, 
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ic. 5. (4) First roentgenogram from xenon inhalation study. Lung is filled with air to pressure of about 
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25 cm. H:O. At this point the animal is abruptly switched to xenon-breathing. (B) Roentgenogram taken 


A 


tory phase has begun. Note almost complete disappearance of 


o.c seconds later shows xenon-filling of major bronchi. (C) Roentgenogram taken o.5 seconds later. Expira- 


^ 


xenon from lower lobes while apical bronch: 


are still filled with xenon. (D) Roentgenogram taken 0.4 seconds later is similar to control. 


We are now in the process of refining our 
system in order to correlate the introduc- 
tion of xenon and the filming with prede- 
termined times in the respiratory cycle. It 
is hoped that this method will reveal new 
insights into the study of regional ventila- 
tion. 


SUMMARY 


[nitial studies using xenon as an inhala- 
tion contrast medium in the intact animal 


under hyperbaric conditions are described. 
The results, limitations, and possible ap- 
plications of this method are discussed. 


Department of Radiology 
Duke University Medical Center 
Durham, North Carolina 27706 


The author wishes to thank Mr. William 
Greeman, Mr. Delmar Shelton, and Mr. 


Joseph Beitl for their patient and careful 
technical help. 


VoL. 


— 


H 


d 


104, No. 4 


REFERENCES 


BapANo-Reperro, J. L. Nuevo procedimiento de 
diagnóstico radiológico con un gas opaco. Bo. 
Soc. cir. Uruguay, 1953, 24, 452-458. 

Meyers, P. H., and Nice, C. M., Jr. Experi- 
mental approach in developing an inhalation 
bronchogram. Radiology, 1963, 87, 624-628. 


. Prrrincer, C. B., Fautconer, A., JR., KNOTT, 


J. R., Penper, J. W., Morris, L. E., and Bick- 
FORD, R. G. Electro-encephalographic and other 
observations in monkeys during xenon anesthesia 
at elevated pressures. Anesthesiology, 1955, 16, 
551—563. 

Rockorr, S. D., and MENpELsonx, M. L. Eval- 


Cn 


6. 


~ 


Xenon As an Inhalation Contrast Medium 761 


uation of xenon as gaseous roentgenographic con- 
trast material: preliminary report. 4m. Rev. 
Resp. Dis., 1962, 86, 434-438. 


. Ror, M. Gas physiology in space operations. 


New England J. Med., 1966, 275, 1447-154. 
WINKLER, S. S., and Srina, J. Radiopacity of 
xenon under hyperbaric conditions. Aw. J. 
ROENTGENOL., Rap. THERAPY & NucLear MeD., 
1966, 96, 1035-1040. 


. WINKLER, S. S. Xenon as an inhalation contrast 


medium under hyperbaric conditions. Proceed- 
ings of Third International Conference on Hy- 
perbaric Medicine. Edited by I. Brown. Nat. 
Acad. Sc., Washington, D.C., 1966, pp. 334-336. 


DECEMBER, 1968 


AN IMPROVED PROCEDURE FOR THE PREPARA- 
TION OF INDIUM LABELED LUNG AND 
LIVER SCANNING COMPOUNDS* 


By F. P. BRUNO, M.S., O. A. SORSDAHL, M.D., and C. M. WILLIAMS, M.D. 


GAINESVILLE, FLORIDA 


NDIUM 113m, recently introduced as a 

scanning agent,?? has certain advantages 
over currently available radiopharmaceuti- 
cals for liver and lung scanning. These 
advantages are: (1) In'?v has a short half- 
life (1.7 hours), so that millicurie doses can 
be administered which result in a 10 fold 
increase in photon output without in- 
creasing the radiation dose to the patient; 
(2) its single gamma emission (393 kev.) 1s 
so similar to iodine 131 (364 kev.) that the 
collimators in widespread use for I! need 
not be modified; and (3) In!?» can be ob- 
tained from a long half-life parent Sn!? 
(118 day) in a nuclide generator form which 
is now commercially available, thus reduc- 
ing the cost of obtaining generators on à 
weekly basis. 

Recently we undertook to prepare lung 
scanning and liver scanning material by 
the method described by Stern and his co- 
workers.?? In the course of our work with 
indium, we made a number of improve- 
ments and modifications which have sub- 
stantially decreased the preparation time 
of the reagents. The purpose of this paper 
is to describe these modifications. 


PREPARATION OF REAGENTS 


1. Eluting solution: 0.05 N HCl pre- 
pared in liter flasks by the hospital phar- 
macy by diluting 4.4 ml. of concentrated 
HCl (—12 N) to 1,000 ml. with pyrogen 
free water and autoclaved at 250° F. for 
20 minutes. 

2. Collecting vials: 30 cc. sterile, rubber 
capped vials.* 

3. Tin breakthrough reagent: 10 mg. of 


* Squibb-Catalogue No. 08855. 


hematoxylin in ro ml. of 1:1 (v/v) of 
ethyl alcohol and 0.2 molar HCl. This solu- 
tion of hematoxylin is supplied by Union 
Carbide Corporation with the initial pur- 
chase of a Sn?/In'!?v generator. 

4. Phenol red (Ph) indicator solution: 
100 mg. of phenol red (U.S.P.) is dissolved 
in 4.7 ml. of o.5 N NH,OH and brought to 
a final volume of 200 ml. with sterile pyro- 
gen free water and autoclaved at 250° F. 
at pounds per square inch for 20 minutes. 

t. Ferric chloride solution containing 
16.2 mg. FeCl;-6H,O in 100 cc. of 0.1 N 
HCl prepared with sterile pyrogen free 
water. This solution should be freshly pre- 
pared each month. 

6. Ammonium hydroxide solution: 0.5 N 
NH,OH is prepared by diluting 3.7 ml. of 
strong ammonium solution (12 M NH,OH) 
to 100 ml. with sterile pyrogen free water 
and autoclaved at 250° F. for 20 minutes. 

7. IO per cent gelatin solution: a gelatin 
solution is prepared by the hospital phar- 
macy. It contains 10 gm. of dried U.S.P. 
gelatin in 100 cc. sterile pyrogen free water. 

8. 2-M-NaCl solution: a solution of 
NaCl containing 120 mg./ml. of NaCl, or 
approximately 2 mEq/ml., is prepared 
with sterile water and used to render all 
preparations isotonic. 


PRELIMINARY MILKING PROCEDURE 


1. Elution: Approximately 8.0 ml. of 
column eluate is required for each prepara- 
tion desired; 8—10 cc. of sterile 0.05 N HCl 
is passed through the column and filtered 
through a 0.22 micron millipore filter into 
a 30 cc. sterile collecting vial. 

2. Check for tin breakthrough: Two drops 


* From the Department of Radiology, University of Florida, College of Medicine and the Veterans Administration Hospital, Gaines- 


ville, Florida. 
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of eluate is withdrawn, using a sterile tuber- 
culin syringe, and placed into a white spot 
depression. plate. Then a single drop of 
hematoxylin reagent is added. A faint pink 
color indicates 0.1 parts per million of 
soluble tin, or a radionuclide purity of 
0.003 per cent. A darker red color indicates 
that significant tin breakthrough has oc- 
curred in which case the vial should be dis- 
carded. 

Sterilization: The vial is now auto- 
claved at 270? F. for 7 minutes. 


PREPARATION OF LUNG 
SCANNING MATERIAL 


INDIUM MACROAGGREGATED IRON HYDROXIDE 


The sterile eluate (8.0 ml.) is trans- 
ferred to a presterilized vial containing o. 
ml. of phenol red test solution and o.1 ml. 
of ferric chloride solution. 

2. Formation of iron hydroxide colloid: 
o.5 N NH,OH is added, drop by drop, from 
a sterile syringe inserted through the rubber 
septum and is gently agitated until a pink 
color persists; this indicates that a Ph of 
7.2 to 7.8 has been obtained. 

3. Aggregation of colloid: The colloid 
Fe (OH); is now aggregated by immersing 
the vial in a water bath at 80?-90? C. for 
8 to Io minutes. 

4. The vial is then removed from the 
water bath and shaken vigorously for 5 to 
IO seconds to disperse the particles. 

5. Stabilization of particles: 1 ml. of 
Io per cent gelatin solution is added to coat 
the macroaggregates. 

6. Before injection, the particle size 
must be checked microscopically (using a 
hemocytometer) to assure sizes within a 10— 
şo micron range. 

The employment of heat (80 to 9o? C. 
for 8 to 10 minutes) was at the suggestion 
of the Union Carbide Corporation, and, 
as predicted by them, it greatly increased 
the rate of precipitation and reduced the 
influence of certain variables which have 
hampered other users of their product. Our 
substitution of an indicator in the injectable 
material for a Ph meter inserted into it at 
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intervals during Ph adjustment has ad- 
vantages which will be discussed later. 


PREPARATION OF LIVER 
SCANNING MATERIAL 
INDIUM COLLOID 


I. A presterilized eluate (8.0 ml) is 
added to a presterilized vial containing 
1.0 ml. of 10 per cent gelatin, o.5 ml. of 
phenol red test solution and o.¢ ml. of 
NaCl solution. l 

Formation of colloid: o.; M NH,OH 
is added, by drops, with D shaking 
until a pink color persists indicating a Ph 
of 7.2 to 7.8. The indium hydroxide 1s now 
attached to the colloidal gelatin. 

The particle size is checked with a 
Tek tometer and microscope. Any vis- 
ible particle at all requires that the prepara- 
tion be discarded. 

We have investigated the distribution of 
these compounds in dogs and have ob. 
tained similar results to those described 
previousl y.?:? Scanning of the dogs’ thorax 
(Fig. 1,7 and B), using a Nuclear C hicago 
Pho Gamma 11 Scintillation Camera and 
a 1,000 hole straight bore collimator, shows 
excellent visualization of the lungs In 45 
seconds to I minute postinjection. Maxi- 
mum uptake of the indium colloid in the 
liver occurs at 30 minutes. Scans of humans 
have been obtained on 27 patients without 
any complications which could be related 
to the indium preparations. 


DISCUSSION 


Indium can be obtained economically by 
daily elution of a Sn"?/In'*?» generator for 
more than 6 months. The generator* pro- 
vides for high specific activity of the eluted 
In?» without the presence of radionuclide 
impurities, Incorporation of the eluate 
into scanning compounds by chemical 
synthesis is relatively simple and quick. 
Using this method, indium colloid mav be 
prepared in 5 minutes and indium macro- 
iron hydroxide in 20 minutes. 


* Union Carbide Corporation. 
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lG. 1. (4) Scintiscan of dog lung at 1 minute following intravenous injection of o.5 mc of In!» Jabeled 
macroaggregated iron hydroxide. (B) Scintiscan of dog liver 30 minutes following intravenous injection of 
o.; mc of In» labeled colloid. Note the absence of significant activity in the liver with the lung scanning 
agent and conversely. 


Our procedure differs from that pre- 
viously described ?? in the following re- 
spects: (1) When all reagents have been 
prepared with pyrogen free material and 
presterilized, compounds can be prepared 
in a closed reaction vessel; (2) NH,OH 1s 
substituted for NaOH for titration in the 
neutralizing step of the acidified eluate. We 
found that the reaction of NaOH on glass 
and the rubber stoppers used to store the 
reagent introduced contaminants which 
caused flocculation of the colloids. If NaOH 
is to be used, special precautions must be 
taken to avoid the introduction of such 
materials as silicon, zinc, CO,, and sulfur; 
and (3) employment of a colorimetric Ph 
indicator in the injectable material, rather 
than repeated testing bv means of Ph paper 
or Ph meter during titration. 

Our indicator, Phenol red test solution, 
has a transition range from 6.8 to 8.4, with 
varying shades of pink in the range of 7.2 
to 8.0. Such minute amounts are required 
that it can be added to the injectable ma- 
terial without anv outward physiologic 
effect, and the ability to accomplish titra- 
tion in a closed presterilized system 
achieves speed in the operation. This sys- 
tem of employing heat to accelerate speed 


of aggregation of particles and an inherent 
Ph indicator to control titration lends itselt 
to incorporation into a kit with sterile 
pretested pyrogen free reagents. 


CONCLUSION 


The methods described in this paper 
have been used routinely for about 6 
months for the preparation of liver and lung 
compounds. The major advantages of this 
procedure appear to be the elimination ot 
problems associated with Ph adjustment, 
avoidance of the introduction of foreign 
material by an open system, and decreased 
handling time, resulting in lowered radia- 
tion exposure of the technical personnel. 
Our experience has demonstrated that this 
method of preparation gives rise to macro- 
particles of extremely uniform size, as 
observed with a light microscope and 
hemocytometer. 

The entire preparation procedure, in- 
cluding elution and sterilization, requires 
not more than 30 minutes. 


F. P. Bruno, M.S. 

Department of Radiology 
Veterans Administration Hospital 
Gainesville, Florida 32601 
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LUNG SCANNING WITH Sr?» IN METASTATIC 
OSTEOSARCOMA* 


By L. D. SAMUELS, M.D. 


COLUMBUS, OHIO 


STEOSARCOMA usually causes death 

by metastasizing to the lungs. It 
appears fruitless to perform radical surgery 
on the primary lesion 1f pulmonary metas- 
tases are already present, but small metas- 
tases often escape detection. Since early 
detection of pulmonary metastases would 
influence the primary management of 
osteosarcoma, any technique that would 
detect preroentgenographically visible le- 
sions would be useful. Strontium isotopes 
are caleium-mimetic in their preferential 
localization in sites with avidity for cal- 
cium. Several reports have suggested the 
use of Sr? and Sr?" for early demonstration 
of primary bone tumors and bone metas- 
tases,'-? but no reports could be found of 
localization of strontium isotopes in soft- 
tissue metastases of osteosarcoma. 

Lung scannings with Sr? were initially 
performed in a child with advanced osteo- 
sarcoma with pulmonary metastases. Up- 
take of the radioisotope into some of the 
lesions was apparent. Subsequently lung 
scans with Sr? have been obtained in 5 
children with osteosarcoma, with or with- 
out known pulmonary metastases. From 
0.1 to 1 millicuries of Sr8™ were injected in- 
travenously 1-4 hours prior to scanning. 
An Ohio Nuclear scanner equipped with a 
s inch thallium activated Nal crystal and 
87 hole, 3 inch focus collimator was used. 
Posterior scans were obtained with pa- 
tients supine over the under-the-table 
scanning head; in most cases anterior 
scans were also obtained. In each case, the 
shoulders were included in the scan to pro- 
vide markers of the proximal humeral 
epiphyses, which allowed more precise 
orientation for comparison with roentgeno- 
grams of the chest. 


REPORT OF CASES 


Case 1. T. U. is a 12 year old boy with a right 
thigh mass, biopsied and treated with knee am- 
putation. Chest roentgenograms and IMAA 
lung scans were interpreted as normal. Six 
months later a similar lesion was biopsied in 
the left femur. One vear later, a large, rounded 
shadow was visible near the left hilum on the 
chest roentgenogram (Fig. 1,7). An [3 MAA 
scan (Fig. 1B) and a Sr?'" scan (Fig. 1C) were 
obtained. The routine lung scan showed hypo- 
perfusion of the left lung, especially the upper 
lobe. The Sr?" scan showed significant uptake 
over the area of density on the roentgenogram, 
suggesting affinity for strontium by this soft 
tissue mass. 


Case u. F. B. isa 15 year old boy with osteo- 
sarcoma which probably arose in the pelvis but 
which was widely disseminated when he pre- 
sented in June, 1967, with chest pain and short- 
ness of breath. Chest roentgenogram (Fig. 24) 
revealed diffuse, ill-defined areas of infiltration 
throughout both lung fields. An l'"MAA lung 
scan showed patchy disturbance of pulmonary 
perfusion bilaterally (Fig. 25). The Sr??* scan 
(Fig. 2C) was striking in appearance: there 
seemed to be uptake diffusely throughout both 
lung fields, similar to a normal MAA scan. 
Subsequent roentgenographic studies have con- 
frmed this to be due to miliary metastases from 
osteosarcoma. The disease progressed and short- 
ness of breath became more severe until death 
ensued from respiratory failure. At postmortem 
examination the lungs (Fig. 2D) weighed 2,000 
gm. and were grossly hard with many foci of 
calcification (Fig. 2). 


Comment. In 3 other patients with known 
primary osteosarcoma but without known 
pulmonary metastases, Sr°"™ lung scans 
have revealed suspicious areas of uptake 
over the lung fields, shown on further study 


or by progression on following examina- 


* Presented in part at Central Chapter, Society of Nuclear Medicine, Madison, Wisconsin, November 5, 1967. 
From The Children's Hospital and Ohio State University, Columbus, Ohio. 


+ Radiobiologist and Chief, Radioisotope Laboratory. 
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Fic. 1. (4) Roentgenogram of the 
chest, showing a density in the left 
hilar region. (B) Posterior view. 
l*MAA lung scan, revealing de- 
creased perfusion of the left upper 
lobe. (C) Strontium 87m lung scan, 
revealing intense uptake in the re- 
gion of a suspected mass in the left 
hilum but significantly larger than 
the area of density on the roen tgen- 
ogram. 
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tions to be metastatic lesions. 'The smallest 
lesion detected so far 1s estimated to be 
0.5 cm. in diameter. 


DISCUSSION AND CONCLUSIONS 


Strontium does accumulate selectively 
in soft tissue metastases of osteosarcoma, 
and may sometimes aid in detecting early 
pulmonary metastases of osteosarcoma be- 
fore they become roentgenographically 
obvious. While it is still too early to recom- 
mend Sr’i lung scanning as a routine 
procedure, it may be of value when com- 
bined with [MAA lung scanning in eval- 
uating for pulmonary metastases in all 
cases of osteosarcoma. To maximize the 
results of Sr?" scanning, at least 2 hours 
should elapse between injection and scan- 
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Fic. 2. (4) Roentgenogram of the chest, 
showing diffuse, irregular densities over 
both lung fields. (B) Posterior vi 
[IMAA lung scan, revealing nonspecific 
irregularities of perfusion but no gross ob- 
struction. (C) Strontium 87m lung scan, 
revealing intense uptake throughout both 
lung fields. An incidental finding is the 
metastasis in the proximal right humerus. 


view. 





ning to give better contrast by allowing 
bloodborne activity to decrease. The finest- 
focus collimator available, consistent with 
reasonable scanning speed, should be used. 

An investigation of possible Sr**" locali- 
zation in pulmonary metastases of other 
tumors is underway; I case studied thus 
far failed to reveal such localization. Since 
these studies were completed, the localiza- 
tion of fluorine 18 around metastatic 
osteosarcoma has been reported,* which 
parallels the findings with Sr*™, 


SUMMARY 


Lung scannings with strontium 87m have 
been performed in § patients with osteo- 
sarcoma with pulmonary metastases. 

Localization of this boneseeking 1sotope 
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l'1G. 2. (D) Gross view of the lungs at autopsy. They 
were very firm and studded with stoney nodules. 
(E) Cut section of lung, show; ing miliary, calcifving 
metastases. 
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in soft tissue metastases is 
the — use of this 
diagnosis s suggested. 


reported and 
radioisotope for 
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LUNG PERFUSION AND INHALATION SCANNING 
IN PULMONARY EMPHYSEMA* 


DORE, M.D., NORMAN D. POE, M.D., MYRVIN H. ELLESTAD, M.D., 
and GEORGE V. TAPLIN, M.D. 


LONG BEACH, CALIFORNIA 


By EARL K. 


HE advent of perfusion lung scanning 

gave a simple method for demonstrat- 
ing pulmonary arterial circulation? ^ The 
development of inhalation scanning per- 
mitted the visualization of aerated spaces 
as well. These new procedures have now 
been used in patients with emphysema (1) 
to determine the types of blood flow and 
aeration patterns in this disease, and (2) to 
estimate how much lung is not functioning. 
The correctness of the estimates was tested 
by comparing them with results of selected 
pulmonary function measurements. 

From the beginning of the study, 1t was 
apparent that regional ischemia and ab- 
normalities of aeration could be demon- 
strated in most patients with emphysema. 
It then became important to determine 
whether the ischemic lesions of emphysema 
could be distinguished from those of pul- 
monary embolism. 


MATERIALS AND METHODS 


Thirty patients were referred from the 
division of clinical physiology, where pul- 
monary function testing supported the 
clinical diagnosis of emphysema. Tests that 
are pertinent to the functional diagnosis of 
emphysema include: 

Residual Volume (RV, the amount of air 
that remains in the lung after maximum 
expiration). The test indicates the degree of 
overinflation of the lung. However, as 
residual volume varies with the size of the 
individual, the measurement is best ex- 
pressed as a percentage of total lung ca- 
pacity (RV/TLC). Normally, it should not 


exceed one-third of the total. 


One Second Vital Capacity (VC, a mea- 
sure of air flow resistance). A normal person 
can expire 79 per cent of his vital capacity 
in one second. 

Maximum Breathing Capacity (MBC). 
'This is an additional method for estimating 
the degree of obstruction to air movement. 

Vital Capacity (VC). Reduction in vital 
capacity is an indicator of the magnitude of 
the restrictive component in emphysema. 

A Collins respirometer was used to record 
ventilation performance and pulmonary 
volume compartments excepting residual 
volume. A Godart-Pulmonet measured 
functional residual volume by the closed 
circuit helium method. 

Perfusion lung scannings were performed 
after the intravenous injection of 200 uc of 
10-70 u aggregated albumin I?! suspen- 
sions; aeration scannings after inhalation of 
»-4 mc of aerosolized Tc? albumin or 
Au’ colloid. An ultrasonic nebulizer was 
used.* With this apparatus approximately 
o.s ml. of radioactive solution was con- 
verted to a dense aerosol mist each minute 
(Fig. 1). The mean size of the aerosol par- 
ticles was estimated to be 0.5 to 1.0 p. A 
dual valve arrangement maintained flow in 
one direction in a closed system from 
nebulizer to patient to vented hood outlet. 
About 10 per cent of the radioaerosol was 
deposited in the lung. Photo scans in black 
and white and direct print-out color rec- 
ords were produced by a commercial 
scanner with a 5 inchcrystalt and 19 hexag- 
onal hole collimator. 

* Mistogen Electronic Nebulizer. Model EN 140. 2711 Adeline 


Street, Oakland, California 94607. 
t Picker Magnascanner Y. 


* From the Laboratory of Nuclear Medicine and Radiation Biology, UCLA School of Medicine, and the Department of Nuclear 


Medicine, Memorial Hospital, Long Beach, California. 
The radioisotopes were donated by Abbott Laboratories. 


This research was supported in part by a Picker Foundation [nstitutional Grant to the Memorial Hospital of Long Beach, California; 
by a grant-in-aid from Abbott Laboratories and by Contract AT (04-1) GEN-12 between the U. S. Atomic Energy Commission and 


the University of California at Los Angeles. 
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RESULTS AND INTERPRETATIONS 
NORMAL PERFUSION AND INHALATION SCANS 


Normal perfusion and inhalation scans 
are shown in Figure 2. Lung perfusion IS, In 
part, gravity dependent. As patients are 
sitting during injection and inhalation, the 
apices are expected and found to be less 
well perfused and aerated than the re. 
mainder of the lung. 

Combinations of posterior or anterior 
views with lateral projections ensure a more 
thorough survey of the three-dimensional 
organ. A special advantage of lateral pro- 
jections is that the motion artifact of 
breathing is reduced on the "upside" lung, 
thereby permitting satisfactory visualiza- 
tion of the lung base. 

In normal subjects, the radioaerosol in- 
halation scan mimics its perfusion counter- 
part quite faithfully (Fig. 2). Variable 
amounts of swallowed aerosol are usually 


PERFUSION 





Scanning in Pulmonary 





Emphysema 


ic. 1. Inhalation of radioaerosol. The patient in 
hales aerosol mist directly from ultrasonic 
nebulizer. Closed tube system maintains flow 
In one direction from nebulizer to vented hood 
outlet. 
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visualized in the stomach and smaller 
amounts may be found in the mouth and 
posterior pharynx, 
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Nic. 2. Normal perfusion and inhalation scans. 


Inhalation scans are nearly identical to perfusion scans in 


normal individuals with the exception that swallowed aerosol is visualized in the stomach. Minor differences 
of apical perfusion are frequently seen in normal persons. 
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Vic. 3. Close agreement between perfusion and inhalation scans in emphysema. Approximately two-fifths of 


patients with emphysema show comparable areas of d 


ecreased perfusion and aeration. Pertinent pulmonary 


function values: RV/TLC 45 per cent; 1 second VC 37 per cent; MBC 28 per cent. RV — residual volume; 
TLC = total lung capacity; VC = vital capacity; MBC =maximum breathing capacity. 


PERFUSION AND INHALATION SCANS 
IN EMPHYSEMA 

A. Close agreement between lung perfusion 
and aeration images. Dual lung scans in 
about two-fifths of patients with obstruc- 
tive pulmonary emphysema can be 
matched like the posterior perfusion and 
inhalation scans in Figure 3. Perfusion of 
the upper right lung is nearly absent; per- 
fusion of the lower right lung and left apex 
is fair at best. Perfusion of the lower left 
lung is good relative to the rest of the lung. 
Aeration of the lung copies the perfusion 
pattern in general, although radioaerosol 
deposition in the right lower lung does 
exceed perfusion. Otherwise, regional per- 
fusion and aeration patterns are grossly 
similar. Inspection of underperfused areas 


— PERFUSION 


suggest that about 50 per cent of the lung 
functions poorly from a circulation point of 
view. Likewise, inspection of the inhalation 
scan for areas of disordered aeration reveals 
that roughly the same amount of lung is not 
being efficiently aerated. The RV TEC 
value is 45 per cent. 

B. Disparity between perfusion and in- 
halation scan images. Nearly 3 out of 5 per- 
sons with emphysema show the kind of 
disparity between aeration and perfusion 
illustrated in Figure 4. Aerosol is deposited 
centrally in the regions of the major bronchi 
with onlv fair to poor penetration to the 
periphery, even though the outer regions 
may be well perfused, as they are in this 
instance. A possible explanation for this 
pattern of radioaerosol retention and dis- 


IN HALATION 





Vic. 4. Disparity between perfusion and inhalation scans. 
tion of radioaerosol. Pertinent pulmonary function v 


Most patients with emphysema show central deposi- 


alues: RV/TLC 47 per cent; 1 second VC 38 per cent. 
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tribution in obstructive emphysema can be 
deduced from the findings of Fraser e al? 
during cinebronchography. They demon- 
strated that the major bronchi in such pa- 
tients are patent during inspiration but 
collapse during expiration. Excessive 
amounts of aerosol may well be retained in 
the collapsing and partially obstructed 
major airways during expiration. The re- 
duced deposition in more peripheral regions 
of the lung is probably related to abnormal 
narrowing of the bronchial tree and to 
bronchiolar spasm characteristic of this 
disease.*!? In Figure 4 it is clear that less 
lung is aerated than perfused. It would ap- 
pear that the inhalation scan should cor- 
relate better with conventional measure- 
ments of pulmonary function such as RV/ 
TLC and one second VC than the perfusion 
scan. 


INHALATION VERSUS PERFUSION SCANS IN 
ESTIMATING NON FUNCTIONING LUNG 

Estimation of the amount of non func- 
tioning lung was attempted first from visual 
inspection. of the perfusion scans. The 
averaged estimates of 3 observers were 
compared with measurements of residual 
volume expressed as a percentage of total 
lung capacity. The plot of the scan values 
of non functioning lung against RV/TLC 
produced the graph in Figure 57. It is ap- 
parent that about two-fifths of the values 
lie close to the line of perfect agreement. 
But nearly three-fifths of the points are be- 
low and to the right. Values clustered about 
the line are from patients in whom per- 
fusion and inhalation scans are grossly 
alike. Values to the far right of the line of 
agreement coincide with those patients 
whose inhalation scans show central de- 
position. Not so surprising, the plot of 
estimated per cent non functioning lung 
from the inhalation scans against RV/TLC 
values shows good correlation (Fig. 5B). In 
other words, when the amount of aerated 
lung is less than that perfused, as occurs in 
most patients with emphysema, the inhala- 
tion scan is a superior indicator of pul. 
monary function. Agreement is likewise 
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liG. 5. Comparison of non perfused (A) and non 
aerated lung (B) with RV/TLC values. There is far 
better agreement between non aerated space (by) 
scanning) and RV/TLC values than between 
non perfused lung and RV/TLC. 


close when the per cent non aerated lung is 
plotted against per cent deficit in one sec. 
ond vital capacity performance (Fig. 6.7). 
Agreement 1s poor when the plot is against 
per cent deficit in MBC (Fig. 6B). 
Additional studies are needed to deter- 
mine the significance of excessive aerosol 
deposition in the region of the major air- 
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Fic. 6. Relation of non aerated lung with measure- 
ments of maximum breathing capacity (A) and 
timed vital capacity (B). A direct correlation exists 
between per cent non aerated lung and the deficit 
in 1 second vital capacity measurements, but not 
with maximum breathing capacity. 


ways in emphysema. It must be shown by 
bronchoscopy or cinebronchography that 
major airways do indeed collapse during 
expiration in such patients. Furthermore, 
diminished ventilation in peripheral areas 
of lung must be demonstrated in the same 
regions where there is reduced aerosol de- 
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position, Such information can be obtained 
with collimated scintillation detectors 
placed over areas of reduced or absent 
aerosol deposition during rebreathing of 
xenon 133 oxygen mixtures. If regions de- 
void of aerosol deposition are likewise not 
ventilated, the clinical significance of the 
inhalation scan pattern in this disease will 
have been more firmly established. 


DISTINGUISHING PERFUSION DEFECTS OF EMPHYSEMA 
AND PULMONARY EMBOLISM 

The regional ischemia of emphysema can 
usually be distinguished from that of pul- 
monary embolism by serial perfusion scan 
examinations. The destructive lesions in 
emphysema are irreversible. Repeated 
scans fail to show re-vascularization (Fig. 
74). The irregular ischemic areas in the 
right lung remain unchanged over a 6 week 
period (July 25, 1966 to September 8, 
1966). 

By contrast, the ischemia of pulmonary 
embolism is usually temporary. Most le- 
sions revascularize and serial scannings can 
document the return of blood flow. In a 2 
week period the patient in Figure 74 had 
occlusion of lobar pulmonary arteries 1n the 
right lung, followed by nearly complete 
restoration of blood flow. On October 15, 
1965, circulation to the right lower lung was 
absent. Three days later the right upper 
lung became ischemic. Within the next 10 
days circulation was restored. 

A second and faster method of separating 
these two conditions 1s by combined per- 
fusion and inhalation scanning. The isch- 
emic regions of acute pulmonary em- 
bolism are aerated normally (Fig. 8). In 
chronic destructive emphysema the non 
perfused regions are also poorly aerated 


(Eur. 3). 
CONCLUSIONS 


Perfusion lung scans visualize the two 
major morphologic abnormalities of em- 
physema: overexpansion and destruction. 
Overexpansion is apparent from the in- 
creased size of the lung image. Destruction 
is inferred from the ischemia of capillary 
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lic. 7. Differentiation of emphysema from pulmonary embolus. Serial perfusion sc 


static lesions of ischemia (4) 


bed disappearance. The location and rela- 
tive amounts of poorly perfused lung are 
displayed in the perfusion scan. Serial per- 
fusion scannings can usually distinguish the 
transient ischemic lesions of acute pul. 
monary embolism from the unchanging 
ones of chronic emphysema. Combination 
perfusion-inhalation scanning permits more 
immediate differentiation. The ischemic 
areas of embolic origin are aerated normally, 
whereas the emphysematous regions are 
not. 


PERFUSION 





R 


F16. 8. Pulmonary embolism—post hysterectomy. Ischemic region in left lower lung 
shown to be well aerated in inhalation scan of same day. 


ans in emphysema show 


, while rapid restoration of blood flow usually occurs in embolism (B). 


Inhalation lung scanning separates em. 
physema patients into a minority whose 
aerosol deposition grossly mimics the dis- 
tribution of arterial perfusion and a major- 
ity in whom there is central deposition of 
aerosol with poor penetration to peripheral 
areas which by contrast are well perfused. 
That the inhalation scan in emphysema is a 
measure of non-functioning lung is evident 
from the correlation between the per cent 
of non aerated lung with RV/TLC and 
with one second VC values. It is conjec- 
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field (perfusion scan) is 
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tured that the inhalation scan image with 
central deposition in emphysema is due to 
disproportionate collapse of lobar bronchi 
during expiration. Moreover, the areas of 
lung which lack aerosol deposition may rep- 
resent the location of a large fraction of the 
residual volume. 


Earl K. Dore, M.D. 

Laboratory of Nuclear Medicine 
and Radiation Biology 

goo Veteran Avenue 

Los Angeles, California 90024 
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CER-PNEUMOCONIOSIS* 


By FRIEDRICH HEUCK, Dr. Mep.,} and RUDOLF HOSCHEK, Dn. MED.1 


STUTTGART, GERMANY 


NXPOSURE to the smoke of carbon arc 

lamps over a period of several vears 
may cause changes in the lungs which can 
be detected on roentgenograms as small 
round or linear infiltrates. In some ways 
these infiltrates are similar to those found 
in cases of silicosis, but their great density 
is particularly striking. There is relatively 
little pulmonary dysfunction in conjunc- 
tion with these changes. The infiltrates 
result from deposits of rare-earth elements 
in the pulmonary tissue. 

In order to increase their brightness, 
the rods of arc lamps are equipped with 
cored carbon. The essential components 
of these rods are fluorides of the rare-earth 
elements. The rare-earth element content 
is different in each type of cored carbon. 
These salts evaporate in the heat produced 
by the lamps, depositing yellowish or 
whitish sediment on the lamp, ceiling and 
walls of the room. The rare-earth elements 
are extracted from monazite sand residue 
and contain small quantities of radioactive 
elements of the thorium decay chain. 

The available literature contains few 
data on the toxicology of the rare-earth 
elements and their role in industrial medi- 
cine.’ [n addition to scandium, yttrium, 
and lanthanum, there are 14 other ele- 
ments of interest—the real lanthanide 
group. Cerium (atomic no. 58) is quanti- 
tatively the most important component of 
rare-earth minerals and their products. 
Samarium, europium and gadolinium are 
used in reactor control rods; neodymium 
and praseodymium in manufacturing and 
polishing colored glass. Cerium, mixed with 
other metals, is of great value for flints, 
and as part of the alloy in cast iron, light 
metals, and heating conductors. 


The first case of Cer-Pneumoconiosis to 
come to our attention was that of a man 
who had been working for several years 
in the photographic department of an 
offset printing plant. He had been ex- 
amined periodically since 1930 for an old 
bilateral upper lobe tuberculosis by the 
Stuttgart Public Health Department. A 
chest roentgenogram in 1959 showed manv 
small infiltrates throughout both lungs, 
which were at first suspected to be a mili- 
ary tuberculosis (See Case 1). Although 
the clinical findings did not confirm any 
active tuberculosis, his colleagues were 
also examined. Similar changes were found 
in several cases, raising the question of a 
pneumoconiosis of unknown origin. Analy- 
sis of the flue dust in the workroom showed 
that it contained large amounts of rare- 
earth elements. 

In further investigations of these un- 
usual—and hitherto unknown—pulmonary 
changes, 67 men working under similar 
conditions were examined. Seven of these 
worked in factories producing cored carbon 
for arc lamps; 46 worked in various 
graphic industries where their exposure to 
dust per time unit had been very different. 
There was an evident correlation between 
the length of exposure time to the dust 
and the degree of pulmonary changes on 
the roentgenograms (Table 1). Similar cor- 
relations have been made for the roent- 
genologic examinations of emplovees of 
plants producing carbon arc electrodes who 
suffer from graphite-pneumoconiosis.^ 

Roentgenographic chest examinations 
over a period of several vears have demon- 
strated changes in the lung morphology 
and, in addition to the typical small very 
dense infiltrates, the gradual appearance 


* From the Department of Radiology, Katharinenhospital, Stuttgart, and the Public Health Administration, Stuttgart, Germany, 
T Professor of Radiology and Medical Director of the Department of Radiology, Katharinenhospital, Stuttgart, Germany. 
i Dozent and Medical Director of the Public Health Administration, Stuttgart, Germany. 
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TABLE Í 


GRADATION OF ROENTGENOGRAPHIC FINDINGS 














Years of Exposure 




















O + + 
to Carbon Dust ++ doi a 
IO years — i g - 
11-20 years 3 3 | | 
31-40 years 4 1 5 i ridi 
41—50 years 2 I : =e 
£O years 7 > - i P 
Total 16 9 ti a vn 














The figures in parentheses mean that these (7) patients were suffering from tuberculosis when the roentgenograms were taken. 
The table lists only 46 cases because the other 14 mentioned in the article were not roentgenographed. 


of fibrous indurations (Cases rr and 111). 
Pleural reactions have also been noted. 
Several case histories may serve to demon- 
strate more clearly the typical roent- 
genologic and clinical findings. 


REPORT OF CASES 


Case 1. A 65 year old man of muscular, 
leptosome constitution. Height: 177 cm. Weight 
66 kg. Medical examination revealed an old 
tuberculous scar in the right apex, although the 
man had never reported respiratory difficulties, 
and felt generally well. A pulmonary function 
test showed normal ventilatory capacity, in- 
significant obstruction, sufficient lung volume, 
increased respiratory volume and respiratory 
volume per minute with corresponding in- 
creased oxygen consumption. The electro- 
cardiogram was normal. 

Laboratory findings: Erythrocyte sedimen- 
tation rate of 9/25; slight anemia with normal 


differential white blood cell count; some iron 
deficiency (57 ug./100 ml.). Electrophoresis 
showed atypical reduction of the albumins. 
The 17-ketosteroid excretion was normal. 

A chest roentgenogram in 1948 demonstrated 
inactive right apical infiltrates. In 1951, in 
addition to the old calcified infiltrates in the 
right apex, diffuse spotty infiltrates were noted. 
In 1953 and 1959 these infiltrates were more 
pronounced in both middle and lower felds. 
At first these findings aroused suspicion ot 
miliary tuberculosis, and all co-workers of this 
patient were examined. The results of the 
roentgenologic examinations of 6 co-workers 
are shown in Table 11 (graded according to the 
International Classification for Silicosis—Ge- 
neva 1958). The personal histories of these men 
were thoroughly investigated, but there was 
no evidence of exposure to arenaceous quartz, 
which might have caused the silicosis. 

Examination of the dust sediments found 
in this plant showed a high percentage of salts 


TABLE II 


ROENTGENOGRAPHIC FINDINGS IN 6 CO-WORKERS 

















No. ded Occupation 
I 65 retoucher 
2 56 chemigrapher 
3 27 chemigrapher 
4 40 reprophotographer 
S 53 superintendent 
6 21 chemigrapher 

















Time of Exposure 





Roentgenographic 
to Carbon Dust SSe aS at 
Findings 
(yr.) 

19 3m/3m 

14 o-1 m/o-1 m 

5 0/0 

19 1 m/1m 

I1 2m/2m 


7 o-I m/o-1 m 











* Graded according to the International Classification for Silicosis—Geneva 1958. 
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l'1G. 1. A 65 year old man. Small very dense infiltrates are distributed equally over both lungs. There are. 
in addition, fibrous indurations. In the right apex there are old tuberculous foci. (4) Frontal and | B) latera 
roentgenograms of the chest. (C and D) Magnifications of the middle fields. 


of rare-earth elements. These sediments were 
deposited from the smoke of the carbon arc 
lamps. Among workers in similar institutions, 
who were not regularly exposed to the smoke 
of carbon arc lamps, the incidence of roent- 
genologically detectable changes in the lungs 
was much lower. 

Continued observation confirmed the pro- 
gress of the small infiltrates. In 1965 lamina- 
grams were taken in addition to the routine 
chest roentgenograms (Fig. 1, ,4-D). The in- 
hltrates ranging in size from a pin-head to a 


millet seed were sharply defined and distributed 
equally throughout both lungs. The lamina 
gram showed a slight fibrosis of the surround 
Ing tissue and a perifocal emphvsema. The 
hilar lymph nodes revealed no remarkable 
calcium deposits, or any shell-like calcifications 
characteristic of advanced silicosis. There were 
some bilateral pleural reactions. The heart and 
great vessels were normal, with no enlargement 
of the right ventricle. 

Roentgenographic examination of the liver 
and spleen showed none of the heavy element 
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deposits that are known in cases of thorotrast 
sediments. An examination with the whole- 
body counter revealed a Th?* activity of 5 
x 107? microcurie (Dipl.-Phys. Peter, Landes- 
institut fur Arbeitsschutz, Karlsruhe). This was 
confirmed by additional determination of Rn”? 
in the expired air (Institut für Biophysik of the 
University of Homburg/Saar, Director Prof. 
Dr. Muth). Further analysis of whole-body 
counter determination showed that the total 
amount of incorporated thorium had been 
deposited in the lungs. In contrast to findings 
in patients suffering from thorotrast deposits 
there were no activities in the skeleton. Ac- 
cording to the rules of ICRP, the maximum 
permissible sediment for insoluble thorium 
compounds in the lungs is 2 nanocuries. Our 
patient showed 2 to 3 times this amount. 

An analvsis of 480 ml. morning urine showed 
an alpha activity of Ra?! which would corre- 
spond to an activity of approximately 8 pico- 
curies. The sensitivity of the apparatus was 
approximately 2 picocuries. 

Another worker in the same plant (Table 11, 
No. 4) had only one-sixth of the activity in 
expired air as compared to the first patient; 7.e., 
an incorporation of approximately o.8X10* 
microcurie (—0.8 nanocuries). This small ac- 
tivity could not be detected by the whole-body 
counter. Roentgenologically detectable changes 
in the lungs were also far fewer in this case. 

The roentgenologic changes during a longer 
period can be shown by 2 more cases. 


Case 1. A 53 year old male, employed in 
various printing operations from 1926 to 1940. 
After 1948 he worked in a small room in the 
same plant as Case 1, where he experienced 
considerable exposure to the smoke of carbon 
arc lamps. Physical examination showed a 
healthy man. Height: 164 cm. Weight: 65 kg. 
Heart and lungs normal. Blood pressure 180/85. 

Laboratory findings: Nothing abnormal; the 
erythrocyte sedimentation rate was normal. 
The lung function tests showed a normal pul- 
monary function at rest; beginning insuffi- 
ciency, however, on exertion; minimal fre- 
quency of respiration as well as respiratory 
reserve. 

The roentgenographic chest examinations, 
including enlargements (Fig. 2, 4-C) and 
laminagrams showed fibrosis and small in- 
filtrates throughout both lungs. The central 
pulmonary vessels did not show any dilatation. 
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The heart was normal. The roentgenologic 
findings are compatible with a pneumoconiosts, 
and on the basis of the history of exposure to 
dust from carbon arc lamps, probably a late 
stage of Cer-pneumoconiosis, already turning 
into fibrosis. 


Case mt. A 67 year old male, exposed to the 
smoke of carbon arc lamps for a total of 26 
vears (1913-1939). The roentgenologic evalua- 
tion is complicated due to tuberculosis in both 
upper lobes which had been treated by chemo- 
therapy. The first roentgenogram of the lungs, 
taken in 1948, showed in addition clearly visible 
infiltrates. In this case exposure to the dust of 
carbon arc lamps dates from several decades 
earlier (Fig. 3, 7-C). 

Pulmonary function tests showed a reduced 
vital capacity. The residual volume was 40 
per cent. The analysis of the expired air proved 
an average value of thoron concentration of 
0.38 X 101? curie/liter; z.¢., 1/3 to 1/2 of that 
found in Case r, corresponding to an incorpora- 
tion of 1 nanocurie of Th? (Institut für Bio- 
physik of the University of Homburg Saar, 
Director Prof. Dr. Muth). Examination of this 
patient by whole-body counter was negative. 


DISCUSSION 


In cases of massive exposure to the 
smoke of carbon arc lamps, the charac- 
teristic roentgenographic findings are small, 
miliary, homogeneously distributed 1n- 
filtrates. Although these findings have not 
yet been confirmed by autopsy or biopsy, 
the determination of incorporated thorium 
and the measurement of concentrated 
thoron in the expired air of the exposed 
persons should be sufficient proof to state 
that the pulmonary changes result from 
inhalation of sedimentation of rare-earth 
elements containing radioactive elements 
of the thorium decay chain. The atomic 
number of rare-earth elements (58-71), 1s 
higher than that of barium (56), which ex- 
plains the great density of the infiltrates 
on the roentgenograms. Hoschek has dis- 
covered through animal experiments in 
1964, that these dusts are practically inert, 
inducing only small agglomerations of 
histiocytes around the dust deposits. In 
the lungs of guinea pigs, dust deposits 
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lic. 2. A £3 year old man, exposed for over 
30 years. Indurative process of the lungs 
shows the changes from long-standing Cer- 
pneumoconiosis. (4) Frontal roentgeno- 
gram of the chest. (B and C) Magnifica- 
tions of the middle fields. 


without reaction were noted after inhala- 
tion. Inspiration of lanthanides is harmless, 


if they do not appear as fluorides.’ Box 
ever, these animal experiments lasted 
only several months, and provided no 


information about he effect of sediment 


Cer-Pneumoconiosis 


After 


decades. 


several 
intratracheal injection of cerit oxides and 
cerit E little spots with grains of 


inhalation over 


dust we & histologically detectable in the 
ber alveolar walls of guinea pigs 


in the early stage of exposure. Radioactiv- 





itv of the material was detected in sections 
of the lungs by traces perceptible by 
autoradiography (Fig. 4). 

The Cer-pneumoconiosis cannot be con- 
sidered as a dust disease of the lung similar 
to silicosis because the elements having a 
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liG. 3. A 67 year old man. The lungs show 
multiple fibrotic scars. There are only 
single fine-grained foci in the lungs. (A) 
Frontal and (B) lateral roentgenograms 
of the chest. (C) Magnification of the left 
middle field. 


higher atomic number that produce the 
infiltrates are deposited more or less with- 
out reaction unlike cases of siderosis or 
barvtosis—and there is no significant fi- 
brous reaction in the lungs. In later stages 
of reaction of the lungs to the dust of 
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carbon arc lamps, perifocal emphysema 
and a slight fibrosis of the lungs are noted. 
Similar roentgenographic findings and 
anatomic changes are found in cases of 
heavy metal dust lung and graphite- 
pneumoconiosis. The minor degree of pul- 
monary dysfunction contrasts with the 
relatively serious morphologic changes in 
the lungs shown on the roentgenograms. 
The differential diagnosis includes: true 
silicosis; heavy metal dust lung; siderosis 
caused by inhalation of ferrogineous smoke, 
as in the case with electric welding; bary- 
tosis; fluor spar lung; mixed dust lung 
(“industrial lung"); and miliary pneu- 
monias as a result of chronic pulmonary 
congestion. As shown in Case 1, miliary 
tuberculosis must also be considered, al- 
though the infiltrates are less dense and 
less detined than in Cer-pneumoconiosis. 
Furthermore, consideration should be given 
to the miliary form of sarcoidosis, histo- 
plasmosis, and also to syphilis of the lung. 
In cases of lymphangitic spread of car- 
cinoma or miliary metastases, the infil- 
trates are larger and of irregular configura- 
tion. The general condition of these pa- 
tients is far more affected than in the case 
of a Cer-pneumoconiosis. Cumulative clin- 
ical findings lead to the right diagnosis. 


SUMMARY 


The roentgenologic and biophysical find- 
ings of the previously unknown Cer-pneu- 
moconiosis are reported. As a result of 
inhalation of the smoke of carbon arc 
lamps which produce a high quantity of 
dust, roentgenologically detectable mor- 
phologic changes of the lungs may occur, 
which, in their early stage, are shown as 
fine infiltrates which are well circumscribed 
and have a great density. They are dis- 
seminated throughout both lungs, and 
may be accompanied by fibrosis. 

The characteristic clinical and roent- 
genologic findings in 3 cases of a group of 
"7 exposed persons (60 of them working in 
graphic arts) are reported, and reference 
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lic. 4. Autoradiograph of radioactive elements of 
the Thorium-decay-series in Cer-granulomas of 
the lung. (Exposure of the photographic emulsion: 
30 days. Magnification 40X). 


Is made to the differential diagnosis from 
silicosis and other dust diseases as well as 
from specific and nonspecific miliarv pro. 
cesses of the lung. 


Prof. Dr. Friedrich Heuck 
Katharinenhospital, 
Kriegsbergstrasse 60, Stuttgart, Germany 
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ACUTE PULMONARY SENSITIVITY TO 
NITROFURANTOIN* 


By ROBERT W. ALLEN, M.D., ALLEN H. HOLT, M.D., and MATTHEW G. BROWN, M.D. 


SHARON, PENNSYLVANIA 


ITROFURANTOIN* has been used 

extensively for urinary tract infec- 
tions since it was first introduced 1n 1953. 
The manufacturer estimates that over 34 
million courses of therapy have been ad- 
ministered in the United States alone.” The 
compound is rapidly and completely ab- 
sorbed from the gastrointestinal tract. 
As much as 45 per cent of the dose may be 
excreted in the urine. The urinary concen- 
tration is bactericidal for most gram posi- 
tive and gram negative organisms. 

Nausea and vomiting occur not infre- 
quently and are usually easily controlled 
by reducing the dosage. More serious, but 
much less common, adverse reactions can 
occur. These are peripheral neuritis, he- 
molytic anemia, cutaneous eruption or urti- 
caria, and acute anaphylactic reaction 
with vascular collapse. 

In the past 10 years there have been a 
number of cases reported'?-!* of an acute 
pulmonary allergic reaction which clinically 
may simulate pneumonia or acute pulmo- 
nary edema. 


REPORT OF A CASE 


A 42 year old white female was given nitro- 
furantoin by her gynecologist for cystitis on 
July 26, 1967. After several days she became 
nauseated and developed a  maculopapular 
rash over the trunk. She discontinued her 
medication without consulting her physician 
and her rash cleared and her nausea disap- 
peared. On August 6, 1967 she took a nitro- 
furantoin tablet and 6 hours later had a sud- 
den onset of severe chest pain, dyspnea and 
cough. She was seen by her family physician 
(MGB) and was immediately admitted to the 
hospital. A roentgenogram of the chest was 
obtained (Fig. 1). Her physician suspected a 
sensitivity reaction and treated the patient 
with supportive measures. Sheimproved rapidly. 


* Furadantin, Eaton Laboratories. 





Fic. 1. Posteroanterior chest roentgenogram on ad- 
mission. Note the predominant involvement of the 
lower lung fields and the absence of cardiac en- 
largement. 


A roentgenogram of the chest was obtained 2 
days later on August 9, 1967 (Fig. 2). On ad- 
mission the white blood cell count was 21,000 
with o eosinophils. Three days later the white 
blood cell count was 10,450 with 13 eosinophils. 
The patient was discharged on August 12, 1967 
in good condition. There was no previous his- 
torv of allergy. 


DISCUSSION 


The first case of acute pulmonary sensi- 
tivity to nitrofurantoin was reported bv 
Fisk in 1957.? In this first case, as in ours, 
the patient stopped the pills after 4 days 
because he felt as though he was getting the 
“fu.” Three days later when he felt better 
he took one tablet of nitrofurantoin at 
bedtime. Four hours later he was awakened 
by severe headache and chest pain. The 
patient was admitted with the diagnosis of 


* From the Department of Radiology, the Sharon General Hospital, Sharon, Pennsylvania. 
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probable myocardial infarction. He im- 
proved dramatically in a few davs with 
supportive care. This patient had a nega- 
tive chest roentgenogram. 

In 1962, Israel and Diamond? reported a 
patient who had three separate attacks. 
Each attack followed the use of nitrofu- 
rantoin. The clinical course simulated pul- 
monary embolism. There was no history 
of previous allergy. Eosinophilia was not 
manifested until the third episode. The 
relationship of the attacks to the drug was 
proven by the deliberate administration of 
nitrofurantoin which resulted in reproduc- 
tion of the clinical picture. The roentgeno- 
grams in this case showed pulmonary infil- 
trations and pleural effusion. 

All reported cases have followed the same 
pattern. Attacks usually began 3 to 4 days 
after the drug was started and were char- 
acterized by chills, fever, cough and 
dyspnea. However, the severity of the reac- 
tion has varied from a flu or pneumonia like 
state” to a severe acute pulmonary edema 
like syndrome.’ In patients with more than 
one episode, there is an increasing speed of 
onset with each attack. As with our pa- 
tient, many of the previously reported 
cases have had a maculopapular rash. There 
is always rapid recovery when the medica- 
tion 1s stopped. 

No fatalities have been reported. In 
most of the previously described cases 
there was little correlation between the 
clinical and roentgenographic findings. 

There has been an increasing number of 
cases reported in the world literature in the 
pase few years. It is apparent that an acute 
pulmonary sensitivity reaction to nitro- 
furantoin is not as uncommon as once 
thought. 

The majority of patients treated with 
nitrofurantoin are in the older age group 
and have chronic urinary tract infections. 
These same patients, because of their age, 
are likely to have arteriosclerotic heart 
disease, or be suspected of it, when symp- 
toms first appear. 

If the radiologist is aware of this pul- 
monary sensitivity reaction he may be able 
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Posteroanterior chest roentgenogram 2 davs 
later. There has been almost complete clearing of 
the lungs. There are small bilateral pleural etfu- 
sions. 


to help the clinician in arriving at the cor- 
rect diagnosis promptly, thus stopping 
further medication and promoting the 
institution of appropriate therapy. 


SUMMARY 


A case 1s reported of acute pulmonary 
sensitivity to a commonly used antimicro- 
bial agent, nitrofurantoin. An awareness of 
this entity may be of great assistance in the 
clinical management of these patients. 


Robert W. Allen, M.D. 
Medical Arts Building 
Sharon, Pennsylvania 16146 
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AEROSOL BRONCHOGRAPHY* 
A PRELIMINARY REPORT 


By T. H. JOHNSON, Jr., M.D., aud W. J. HOWLAND, M.D. 


MEMPHIS, TENNESSEE 


RONCHOGRAPHY, using the cathe- 

ter approach through the larynx and 
the transtracheal technique, presents cer- 
tain inherent difficulties and discomforts 
that seem avoidable. The development of 
aerosol and nebulized techniques for topical 
anesthesia to the pharynx and tracheo- 
bronchial tree have paved the way for a 
practical approach to aerosol or nebulized 
bronchographv.*'? The primary problem in 
this method, however, has been develop- 
ment of an effective contrast material 
which is both nontoxic and easily intro- 
duced via aerosol through the airway pas- 
sage. 


MATERIAL AND METHOD 


The problems of an aerosol contrast ma- 
terial and an effective method of delivery 
were necessarily approached simultane- 
ously. For purposes of discussion and 
presentation they will be considered sep- 
arately. 


CONTRAST MATERIALS 


Aerosol bronchography requires a con- 
trast material that 1s nontoxic, easily de- 
livered, of good roentgenographic density 
and easily eliminated. 

A. Powdered Barium Sulfate. We began 
our experimentation in late 1965 with 
powdered barium agitated in a blender, as 
suggested by other workers. This was 
difficult to prepare and we were unable to 
reproduce the results of others with the 
powdered materials. In 2 animals, we could 
only obtain visualization of the trachea and 
the main bronchi. This approach was then 
abandoned. 

B. Oily Contrast Materials. Since the pri- 
mary oily contrast materials are iodinated 
oily substances, we were evaluating oil sol- 





lic. 1. The atomization of an oily contrast ma 
cent W.W 
barium sulfate in water suspension (redi-FLOW 
are compared here. The De Vilbiss No. 15 adjust 
able tip atomizer was used at an 8 inch distanci 
from the cardboard target at various air pres 
sures in centimeters of water, as illustrated. 


terial (dionosil oily) and a 30 per 


uble iodine contrast materials. Dionosil is a 
time-tested bronchographic contrast ma 
terial of excellent quality; however, it 
alveolarizes somewhat more rapidly than 
would be optimal and is difficult to dispense 
through the aerosol method (Fig. 1). 
Attempts were made to aerosolize lipiodol 
and visciodol, but they would not spray or 
mist in the degree necessary for adequate 
delivery to perform the study. Bronchog 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Department of Radiology, University of Tennessee, College of Medicine, Memphis, Tennessee. 
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Fig. 2. This canine bronchogram was produced us- 
ing a barium sulfate suspension (micropaque), 30 
gm./ 1650 cc. saline mixture at 25 cm. water pres- 
sure. Approximately 8 cc. of contrast material was 
atomized in the pharynx during 1 minute. The dog 
had 6 respirations. 


raphy was attempted; however, the oily 
materials aerosoled too poorly to coat 
the nasopharynx uniformly. 

C. Water Soluble Contrast | Materials. 
These contrast substances could be aerosol- 
ized or nebulized in adequate degrees to 
perform the studies. Two animals had excel- 
lent bronchograms with the iothalamates, 
and 2 other animals had equally satisfac- 
tory bronchograms with the diatrizoates. 
The substances were extremely irritating 
to the bronchial mucosa and the pulmonary 
parenychma, however, and resulted in 
pneumonia. All 4 animals revealed a con- 
solidated pneumonia at pathologic exami- 
nation. These substances were, therefore, 
unacceptable. 

D. Barium Sulfate Suspensions. The 
results with barium sulfate suspension as a 
contrast medium have been most promis- 
ing. We have performed 4 rabbit and 4 dog 
bronchographies with barium sulfate sus- 
pensions. The first 3 rabbits and 2 dogs 
were studied with a micropaque, methyl- 
cellulose and saline mixture (Fig. 2). The 
last rabbit and 2 dogs were studied with a 
commercial product of similar composition, 
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redi-FLOW* (Fig. 3). In all cases, an excel- 
lent bronchogram was obtained and no 
significant ill effects were observed. The 
animals had chest roentgenograms taken 
daily. The rabbits were sacrificed after | 
week. Microscopic studies showed no sig- 
nificant irritative effects. 

The canine bronchogram (Fig. 2) pro- 
duced with micropaque resulted from a 
mixture of 30 gm. of micropaque with 150 
cc. of physiologic saline. The contrast sub- 
stance was introduced into the pharynx ot 
the dog through a De Vilbiss No. 15 
atomizer with an air pressure of 25 cm. 
Approximately 8 cc. of contrast material 
was atomized into the pharynx during | 
minute and 6 respirations. Following the 
bronchography, the physical findings and 
the roentgenograms of the dog were ex- 
amined periodically. There was no temp- 
erature elevation or serious symptomatol- 
ogy. At 20 hours the roentgenograms re- 
vealed a minimal amount of alveolarization. 
At 48 hours the lung fields showed only 
minimal retained barium. 

The bronchogram, produced with com- 
mercially prepared redi-FLOW barium 
sulfate (Fig. 3), resulted from a mixture of 
85 cc. of redi-FLOW contrast material 
with 15 cc. of saline added. While the dog 
was in the sitting position the contrast 
material was aerosoled through a De Vilbiss 
No. 1§ atomizer into the posterior pharynx. 
Seven cubic centimeters of contrast mater- 
ial was atomized in 1 minute and 10 seconds 
with the dog respiring 5 times. The redi- 
FLOW material was somewhat easier to 
prepare, as it is sterile in its commercial 
preparation form. This material contains 
carboxymethylcellulose as a substance to 
increase viscosity, and the resulting bron- 
chogram demonstrates an increased density 
of the surface coating. The contrast mater- 
ial is seen to deposit on the tracheobron- 
chial surfaces and then flow in the direction 
of gravity. This quality allows delineation 
of areas without respiratory circulation. 
The dog was followed roentgenographically 
and with vital sign evaluation for the next 


* Flow Laboratories Inc., Pharmaceutical Division, 2615 Miller 


Avenue, Mountain View, California 94040. 
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48 hours. There was no temperature eleva- 
tion or significant change in the vital signs. 
The contrast material cleared from the 
tracheobronchial tree with only a minimal 
residue at 48 hours. 


DELIVERY METHODS 


A method of delivery for the contrast 
material was somewhat more difficult to 
find than the evaluation of the contrast 
materials. The viscosity of the contrast 
material, which is necessary for adherence 
and build-up of an adequate layer of con- 
trast medium to delineate the surfaces of 
the tracheobronchial tree, interfered with 
adequate aerosol nebulization of the con- 
trast agent. 

A. Intermittent Positive Pressure Breath- 
ing Apparatus. The oily contrast materials 
revealed no significant nebulization with 
Intermittent positive pressure breathing 
apparatus. Nebulization tests using the 





1G. 3. This canine bronchogram was resultant from 
a mixture of barium and carboxymethylcellulose in 
water (barium sulfate 40 per cent w/v, redi- 
FLOW). Seven cubic centimeters of a solution of 
85 cc. redi-FLOW and 15 cc. saline were delivered 
into the dog's pharynx in 1 minute and 10 seconds 
through a De Vilbiss No. 15 atomizer. The dog 
had § respirations. 
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available intermittent positive pressure 
breathing apparatus revealed inadequate 
misting of the barium suspensions for per- 
formance of the studies. The viscosity re- 
quired for surface coating of the tracheo- 
bronchial tree is too nebulize 
through the capillary tubes which are 
available at the present time. 

b. Aerosol Atomization. 
increased pressure for atomization seemed 
the answer and our search in this direction 
produced positive results. Another problem 
was the amount of pressure allowable with 
out damage to the tracheobronchial tree. 
A pressure of 25 cm. of water atomization 
air pressure into the confined space of the 
pharynx has shown no damage to the muco- 
sal surfaces of 8 animals on careful exami- 
nation and follow-up. A No. 15 De Vilbiss 
atomizer with a compressor source of air 
pressure and a variable control was de- 
veloped for our experimental purposes 
(Fig. 4). This apparatus produced a stead) 
atomization of our barium contrast ma 
terials in the posterior pharynx of the 
experimental animals when the atomizer 
tip was introduced into the posterior 
pharyngeal area through a hollow cvlinder 
orifice placed in the animal's mouth. The 
hollow cylinder allows decompression of 
any pressure that might occur in the 
pharynx and the exchange of air for normal 
respiration. No evidence of cyanosis Or 
other respiratory impairment was identified 
with this technique. The resultant broncho 
gram is bilateral; however, there was no 
significant problem in the post-study period 
to suggest that a bilateral bronchogram by 
this approach was detrimental. We believe 
that the atomized contrast material allows 
a more uniform coating, with less impair 
ment of normal respiratory effort, than the 
catheter techniques. 


great to 


A device with 


DISCUSSION 


A new approach to bronchography 
would be a significant step forward in pul. 
monary respiratory techniques. The avail- 
able techniques are adequate and diagnos. 
tic but are somewhat uncomfortable for 


the patient. A new approach with greater 
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Fic. 4. The contrast substance was delivered through 
an adjustable tip De Vilbiss No. 15 atomizer at 
an air pressure of 25 cm. of water. With the dog in 


the sitting position, a round cylinder was intro- 
duced into the anesthetized dog's mouth and the 
atomizer tip was positioned in the pharvngeal area 


as shown. 


ease of performance and a less prolonged 
recovery period would be more optimal. 
The larynx, which is the closed door to the 
tracheobronchial tree, can be circumvented 
more gently than by current methods. 

In our experience, the available oily 
contrast materials 
graphic contrast studies are not satisfactory 
for aerosol and nebulized introduction into 
the tracheobronchial tree. The powder 
materials and gaseous substances used for 
bronchographic contrast media have shown 
some promise to other investigators;* how- 
ever, there are certain inherent complica- 
tions of introduction and physiologic re- 
sponse that leave the field open for the 
development of other techniques, if pos- 
sible. Powders and gasses do not deliver to 
areas without respiratory circulation. Utili- 
zation of the force of gravitv with manipu- 
lation of the patient seems necessary in 
order to deliver material through the 


used for roentgeno- 
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tracheobronchial tree to points without air 
circulation. This utilization of gravity 
requires a fluid material which will flow 
from the points of surface deposition to the 
areas of pathologic interest. Barium sulfate 
as a contrast material, and its nontoxicity 
to the tracheobronchial has been 
investigated widely by radiologists and 
pathologists.5:19.!? Barium sulfate without 
carbonates and subcarbonates has been 
found to be an effective and nontoxic 
contrast material without pathologic effect 
on the lungs, and, with a 1-13 methylcellu- 
lose mixture, has been used for some time 
as a bronchographic contrast medium in 
the catheter approach.?.!! 

The problem of inhalation introduction 
of contrast substances following adequate 
topical anesthesia can be resolved into 
two main varlables. (1) An effective non- 
toxic contrast substance, which can be 
introduced through the airway passages, 
must be developed. (2) A satisfactory 
mechanical technique for the introduction 
of a contrast substance, which 1s both 
uncomplicated and reproducible, must be 
found. Our experimental work has demon- 
strated that a barium sulfate, meth vlcellu- 
lose, and saline contrast material can be 
effectively introduced into experimental 
animals through an aerosol technique. Our 
contrast meterial demonstrated no signifi- 
cant problems or identifiable sequelae. We 
are currently investigating the probability 
that aerosol contrast materials could be 
prepared in pressurized containers, as are 
used at present for commercially prepared 
cosmetic sprays and medications. A suit- 
able topical anesthetic such as Xylo- 
caine*? in a pressurized can preparation 
along with the contrast material would 
seem advisable. This aerosol combination 
would significantly simplify the technique 
of bronchography. 


tree, 


SUMMARY 


I. Animal studies were conducted to 
study the coating effect of contrast mate- 
rials by inhalation on the trachea and bron- 
chi. 

2. Negative results were obtained with 
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barium sulfate powder, dionosil oily, lipio- 
dol, visciodol, iothalamates and diatrizo- 
ates. 

3. Nebulization with intermittent posi- 
tive pressure breathing apparatus was un- 
satisfactory. 

4. Excellent animal bronchograms were 
obtained by inhalation of an aerosoled bar- 
ium sulfate, methylcellulose and saline 
mixture. No harmful effects were observed 
from this procedure. 


T. H. Johnson, Jr., M.D. 
Department of Radiology 
The University of Tennessee 
865 Jefferson Avenue 
Memphis, Tennessee 38103 
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PERCUTANEOUS TRANSCRICOTHYROID MEMBRANE 
SELECTIVE BRONCHOGRAPH Y* 


A SIMPLE, SAFE TECHNIQUE FOR SELECTIVE CATHETERIZATION 
AND VISUALIZATION OF SEGMENTAL AND SUBSEGMENTAL BRONCHI 


By E. NICHOLAS SARGENT, M.D., and A. FRANKLIN TURNER, M.D. 
LOS ANGELES, CALIFORNIA 


ERCUTANEOUS needle puncture of 

the cricothyroid membrane as a means 
of instilling opaque media into the tracheo- 
bronchial tree is not a new procedure and 
was first described in 1922 by Sicard and 
Forestier. The method was slow to gain 
widespread acceptance in this country 
mainly because of theoretic disadvantages 
of potential trauma by the needle to struc- 
tures within the neck. However, there are 
many more inherent disadvantages to per- 
forming bronchography following anesthe- 
sia of the oropharynx or nasopharynx with 
introduction of a catheter through the 
glottis into the tracheobronchial tree. One 
is all too familiar with a coughing, uncom- 
fortable patient, salivating excessively even 
while the local anesthetic is applied prior to 
insertion of the catheter. The passage of a 
transglottic catheter is technically difficult, 
both for the patient and even for the ex- 
perienced radiologist. Excessive swallowing, 
gagging and difficulty in cooperation 1s 
common. Transglottic techniques* ?//* re- 
quire larger amounts of an anesthetic and 
there is always danger of toxicity from over 
dosage, since topical anesthesia of the 
pharynx and larynx must be meticulously 
complete. If there is associated nasal and 
oral pathology, this may contribute to 
difficulties, with vagal reflexes which can 
start dangerous arrhythmias, especially in 
patients with co-existent heart disease. 
Laryngeal spasm may occur during trans- 
glottic intubation with resultant hypoxia 
which can be dangerous in patients with 
poor pulmonary reserve. A catheter which 
has been passed through the nasopharyn- 
geal secretions cannot be used to obtain 
uncontaminated bronchial aspirates for 


culture. Standard size catheters are often 
too large to enter a partially occluded 
bronchus. Although selective bronchog- 
raphy has been described using specially 
designed catheters"? ^ placed through the 
glottis, their placement is difficult when 
manipulation is necessary. Furthermore, 
when a patient begins to cough or swallow, 
these catheters are easily dislodged, es- 
pecially when the laryngeal anesthesia 
wears off. The sliding motion of the cathe- 
ter produces bouts of coughing which result 
in poor bronchograms requiring replace- 
ment of the catheter. If active aspiration of 
contrast material is necessary or 1s done 
routinely, this is much more difficult with 
the transglottic catheter technique. Finally, 
the majority of patients complain of a 
sore throat, cough and hoarseness for at 
least 24 to 48 hours after the commonly 
used transglottic techniques. 
Consequently, direct instillation ot 
opaque media using a simple needle punc- 
ture technique has been advocated. 717^ 
Using these needle puncture techniques, 
the head and neck must be continuously 
hyperextended throughout the examination 
because the needle is likely to slip out of the 
trachea. There is always fear of dislodging 
a precariously placed transcricothyroid 
needle during bronchial filling and danger 
of injecting air or contrast material into the 
soft tissues of the neck or the mediasti- 
num.?? Since the head and neck must be 
kept hyperextended, it 1s difficult to rotate 
a patient into different positions 1n order 
to properly fill the various segments. If 
the head of the table is tilted down to fill 
the upper portions of the upper lobes, the 
opaque medium may flow into the unanes- 


* From the Department of Radiology, Los Angeles County-USC Medical Center, Los Angeles, California. 
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thetized pharynx, stimulating coughing 
again resulting in dislodging the needle. 
The up and down motion of the larynx 
when the patient swallows causes the 
needle to slip out of the trachea, and re- 
peated reinsertions of the needle into the 
trachea are more likely to cause further 
coughing, making the bronchogram value- 
less. 

In 1959, Willson” first suggested using 
a No. 16 straight, thin walled needle to 
puncture the cricothyroid membrane and 
then threaded a No. PE go polyethylene 
catheter for a distance of 3 inches into the 
trachea. With this technique, there is danger 
of cutting off the catheter by the sharp 
edge of the needle; there is great difficulty 
in pushing the oily media rapidly through 
the catheter; and this is a non-selective 
technique. Various other methods of instil- 
lation of opaque media following puncture 
of the cricothyroid membrane and insertion 
of catheters for selective bronchography, 
with and without modified Seldinger needle 
techniques, have been described.2:3:5:1921,23,24,25 
Using the Seldinger needle or other de- 
scribed straight needles, there is always 
danger of injury to the posterior tracheal 
wall and adjacent esophagus because of 
difficulty in judging the depth of the needle. 
In addition, one must be greatly skilled in 
directing the needle and the guide wire 
inferiorly because, occasionally, the guide 
wire will curve superiorly irritating the 
vocal cords producing dangerous laryngo- 
spasm. 


TECHNIQUE 


In order to realize a simpler and safe 
technique, a No. 16 gauge thin wall needle* 
was designed, which is 13 inches long with 
a 50° angle bend (Fig. 1). The bevel at the 
distal tip is on the inside of the bend and 
there is an indexing notch at the proximal 
end of the needle on the superior surface of 
the hub. As a result, it is always possible 
to be aware of the direction of the distal 
tip of the needle. The distal tip of the needle 
has a short bevel (approximately 30?) and 


* Cook Incorporated, Bloomington, Indiana 47401. 
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lic. 1. Curved thin-walled needle used for crico. 
thyroid membrane puncture. 


it is sharpened for easy perforation of the 
cricothyroid membrane. The outside diam- 
eter of the needle is 0.065 inches (1.65 
mm.) and the inside diameter is 0.050 
inches (127 mm.). 

The catheter material generally used is 
the red radiopaque (color coded) poly- 
ethylene catheter (6.5).* The inside diam- 
eter of the catheter is 0.047 inches (1.19 
mm.) and the outside diameter is 0.086 
inches (2.18 mm.). The catheters are pre- 
pared in lengths of approximately 14 
inches (35 cm.) using the usual preparation 
described for vascular procedures. The 
distal end is tapered over an alcohol lamp 
and the proximal end is flanged using the 
Kifa flanging tool. For highly selective 
techniques, a single end hole is used. For 
generalized bronchography, one or two side 
holes are placed in the distal end of the 
catheter at 1 cm. intervals proximal to the 
distal end, with a Kifa boring tool. The side 
holes are also a safety feature in eliminating 
excessive hydraulic pressure through the 
distal end of a single opening in the cathe- 
ter. The guide wire, fixed-core 32 inch 
length (80 cm.), teflon coated, has an out- 
side diameter of 0.035 inches (0.889 mm.) 
and will easily pass through the catheter or 
the tracheal puncture needle. 

The tip of the catheter is curved depend- 
ing upon which segment it is desired to 
catheterize selectively (Fig. 2, 4, B and C). 
For the apical segments of the upper lobes, 
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lic. 2. (4) Curve on distal tip of catheters for lower lobes. (5) Curve for middle 
lobes. (C) Curve for upper lobes. 


a curve of at least 180° is necessary. A 
similar configuration, but with the addition 
of a short secondary curve anteriorly or 
posteriorly at the tip of the catheter, is 
used for the anterior or posterior upper lobe 
segments. For the middle lobe and the 
lingula, a go° curve is sufficient. Thirty 
degree curves or lesser degrees of curvature 
are used for the remaining lower lobe seg- 
ments. Having a previous bronchogram for 
guidance is of some value in shaping of the 
catheter and anticipating the curve which 
will be necessary for the exact localization 
of the segment or subsegment. A supply of 
catheters is kept sterile in a container 
filled with detergicide. The catheter must 
be washed both outside and inside and 
flushed with saline solution prior to its 
usage, as the detergicide is irritating to the 
mucous membrane of the bronchi. 

For the average patient, the preopera- 
tive medication includes codeine gr. 1, 
benadryl s0 mg. and atropine gr. 1/120 
intramuscularly one-half hour prior to the 
examination. Breakfast or lunch is with- 
held, depending upon the time of the 
examination. The needle puncture of the 
cricothyroid membrane is performed with 
the patient in the erect position. The 
overlying skin is carefully prepared using 
a germicidal solution such as tincture of 
quaternary ammonium antiseptic I: t 
A sterile towel is draped about the patient's 


neck and shoulders. The cricothyroid mem- 
brane is palpated through the overlying 
skin and muscle and the notch between the 
lower border of the thyroid cartilage and 
the upper border of the cricoid cartilage is 
located. In obese patients, having the 
patient swallow aids in locating the exact 
position of the cricothyroid space. 

The larynx is firmly grasped between the 
thumb and forefinger of the left hand and 
1 cc. of 2 per cent Lidocaine is infiltrated 
down to and including the cricothyroid 
membrane using a No. 25 needle. The 
cricothyroid membrane is then punctured 
using a No, 21 needle and air is withdrawn 
from the trachea, With the patient leaning 
to the right, 1 cc. of 2 per cent Lidocaine is 
quickly injected and an additional 1 cc. of 
Lidocaine is similarly injected with the 
patient leaning to the left. One should have 
the patient in deep expiration prior to 
injecting the Lidocaine, thus the subse- 
quent involuntary inspiration disseminates 
the anesthetic. The needle is quickly with. 
drawn and the patient is permitted to 
cough. Up to this time, only 3 cc. of 
anesthesia has been required. A stab 
wound is made with a No. 11 blade in the 
skin overlying the cricothyroid area (Fig. 
344). The larynx is again grasped firmly 
between the thumb and forefinger of the 
left hand and using gentle pressure, the 
curved tracheal puncture needle is then 
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Fic. 3. C4-D) Puncture of cricothyroid membrane with placement of needle and wire guide into the trachea, 


inserted through the cricothyroid mem- 
brane with the distal tip pointing inferiorly 
as determined by the indexing notch on the 
hub (Fig. 3, B and C). The needle is in- 
serted as far as the hub and at this point, 
air can be easily heard entering and leaving 
the lumen. A syringe containing X ylocaine 
is placed on the needle and air is withdrawn 
from the trachea. At this point, an addi- 
tional 1 cc. of Xylocaine is also instilled 
into the tracheobronchial tree. Maintaining 
a firm grasp on the hub of the needle with 
the left hand, the soft end of the guide wire 
is then inserted through the needle into the 
trachea for a distance of approximately 


10-12 cm. (Fig. 3D). Thus, the soft end of 


the guide wire will be approximately at 
the level of the carina. The curved tracheal 


needle is then withdrawn over the guide 
wire with the right hand and the gulde 


wire Is kept in place between the thumb 
and forefinger of the left hand. The radio- 
paque catheter with an attached two-way 
stopcock is inserted over the proximal end 
of the guide wire and is slid forward over 
the wire to the skin surface overlying the 
cricothyroid membrane. Using a rotary 
motion, the catheter is inserted over the 
guide wire through the cricothyroid mem- 
brane into the trachea, while an assistant 
slowly removes the guide wire from the 
lumen of the catheter. As a result, the 
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catheter lies within the trachea at approxi- 
mately the level of the carina. 

'The patient is then placed in the recum- 
bent position and under fluoroscopic con- 
trol, the radiopaque catheter is guided to 
the desired area of the tracheobronchial 
tree. An additional 1 to 2 cc. of anesthetic 
is instillel through the catheter. Prior to 
the instillation of the opaque medium, 
when desired, 2-3 cc. of saline can be in- 
stilled directly through the catheter and 
quickly withdrawn in order to obtain selet- 
tive bronchial washings for cytology. The 
withdrawn material is usually placed in 
so per cent alcohol for pathologic examina- 
tion, An extension tube is attached in 
order to eliminate excessive radiation ex- 
posure to the examiner's hands during the 
procedure. A 10 cc. stylex plastic ring con- 
trol disposable syringe* facilitates injection 
of the viscous oily dionosil through the 
small lumen of the catheter. Oily dionosilt 
has been found to be quite satisfactory as 
an opaque bronchographic medium. 

Exact placement of the catheter is made 
under fluoroscopic control. The opaque 
medium can be inserted into the tracheo- 
bronchial tree in the prone, supine, erect, 
recumbent, and Trendelenburg position 
without any difficulty. Satisfactory filming 
of any segment or subsegment 1s possible 
with television monitoring, image amplifi- 
cation, cinefluorography, and spot roent- 
genography either on conventional or 70 
mm. films. In addition, therapeutic instilla- 
tion of medication is possible in selected 
cases.!? The catheter is left in place until all 
spot roentgenograms and all overhead 
roentgenograms are developed. If any of 
the suspected areas are unsatisfactorily 
filled, they can be easily filled under re- 
peated fluoroscopic control. For general 
bronchography, the usual procedure is to 
fill one side and obtain proper roentgeno- 
grams, the second side being filled only 
after checking the films of the other side. 

After the procedure is completed, the 
catheter is removed and the soft tissues 
over the puncture wound are gently mas- 


* Pharmaseal Laboratories, Glendale, California. 
t Picker X-ray Corporation, White Plains, New York. 
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saged to cause overlapping of tissue planes 
and to aid in closure of the opening. A 
sterile band-aid is placed over the small 
incision. A routine chest roentgenogram 1s 
taken 1 hour and 24 hours after the pro- 
cedure to study the distribution of the 
opaque media following coughing and to 
study the elimination of the contrast 
material. The ward personnel are instructed 
to watch for any unusual swelling of the 
neck and for any subcutaneous emphy- 
sema. Using this technique for the broncho- 
graphic examinations of approximately 120 
patients in the last year, there have been 
no serious complications and only a few 
cases of mild subcutaneous emphysema. 


There has been no single case of abnormal 


extravasation of contrast material outside 
the tracheobronchial tree into the para- 
tracheal or mediastinal tissues. 

'The advantages of the described method 
are the simplicity of needle insertion and 
the complete mobility of the patient. The 
examination is rapid with minimal patient 
discomfort. The radiologist has complete 
control of the catheter and of the patient 
at all times. Small, safe volumes of anes- 
thesia are required and, on the average, 
only 6-8 cc. of 2 per cent Lidocaine is 
necessary. There is no danger from toxic 
overdosage of anesthetic. In addition, 
smaller volumes of the opaque medium are 
required, particularly with selective cathe- 
terization. There is easy removal of the 
opaque medium by aspiration without 
interference with the normal airway, should 
any respiratory complications occur. There 
is no danger of dislodging the needle or 
the catheter during coughing. Exact place- 
ment of the catheter for segmental and 
subsegmental filling is generally simply 
achieved and the catheters used are small 
enough to enter a partially occluded 
bronchus. Uncontaminated samples for 
culture and cytology can be obtained since 
it is not necessary to pass a catheter 
through the nasopharyngeal secretions. 
The patients are able to speak during the 
procedure and are quite comfortable, not 
apprehensive, and more cooperative. The 
catheters are easily molded to any desired 





lic. 4. Example of high quality roentgenogram with 
filling of all segments and subsegments following 
selective bronchography. There is bronchiectasis 
in the upper lobes and in the superior segment of 
right lower lobe, also evidence of generalized 
chronic bronchitis. 


shape for accurate placement and are 
readily exchanged with no danger of 
laryngospasm. 
RESULTS 
The quality of the roentgenogram ob- 
tained and the diagnostic accuracy using 
selective catheter bronchography is un- 


Transcricothyroid Selective Bronchography 79 





lic. 6. Selective bronchography with abrupt cut 
off of right upper lobe bronchus due to carcinoma. 


questionably superior to all other methods 
of bronchography. The ease of placement 
of the catheter into any required segment 
or subsegment using the simple technique 
described allows the bronchographic ex 
amination to become a routine procedure. 





lic. 5. (4) Roentgenogram of the chest in a patient with poor pulmonary reserve and hemoptysis. There is a 
history of old pulmonary tuberculosis. (B) Selective bronchography of right upper lobe shows extensive 
bronchiectasis as a source of bleeding without unnecessary uncontrolled filling of remainder of the lung 
fields and no danger to the patient. 
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Fic. 7. (4) Narrowing of bronchus intermedius due 
to carcinoma. (B) Passage of catheter distal to 
obstruction in order to obtain bronchial washings 
for cytology. 


Patients should have pulmonary function 
studies, and those with adequate pulmo- 
nary reserve may safely have complete bi- 
lateral filling during a single examination 
(Fig. 4). 

Patients with poor pulmonary reserve 
may have selective bronchography carried 


out with specific reference to the area of 


suspected pathology, e.g., old tuberculosis 
with hemoptysis (Fig. 5, 7 and 5). 
It has been well documented that bron- 
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chography will produce a high vield in the 
positive diagnosis of neoplasms and 1s 
very often more rewarding than the diag- 
nostic triad of scalene lymph node biopsy, 
bronchography, and sputum cytology.’ 


9.15.11 21,2 





Fic. 8. (4) Filling defect in bronchus intermedius 
due to malignant carcinoid. (B) C atheter selec- 
tively pl: iced distal to obstruction filling large 
cavity in right middle lobe distal to the obstruc- 
tion from a malignant carcinoid. 





Fic. 9. (4) Complete obstruction of the left lower lobe bronchus. (B) Localized spot roentgenogram of area 
showing complete filling of the left upper lobe but no filling of the left lower lobe due to carcinoma. 


Localization of obstructive lesions due to a 
neoplasm can easily be determined by 
selective bronchography (Fig. 6). Lesions 
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l'1G. 10, Selective wedge bronchography of lateral 
segment of right middle lobe showing subsegmen- 
tal filling and peripheral filling of small terminal 
bronchioles. 


distal to an obstruction may be outlined if 
the catheter passes the obstruction and 
thus allows injection of contrast material 
peripheral to this point (Fig. 7.7). At the 
same time, selective bronchial aspiration 
samples can also be obtained for cytologic 
study (Fig. 7B). Figure 8,47 and B shows a 
malignant carcinoid causing partial ob. 
struction of the bronchus intermedius. 
The catheter was passed distal to the ob- 
struction into a large cavity in the middle 
lobe. 

Selective bronchography is often supe- 
rior to bronchoscopy. Figure 9, 4 and B 
shows a patient with complete obstruction 
on the left lower lobe bronchus. An ex- 
perienced bronchoscopist failed to find the 
area of obstruction because the broncho- 
scope was passed into the lingular segments, 
thus overlooking the obstructing lesion in 
the area of the left lower lobe bronchus. 

The use of selective bronchography to 
map small areas of the lung with magnifica. 
tion techniques as a research and diagnos- 
tic procedure is offered as another possi- 
bility (Fig. 10). 

SUMMARY 

A method of percutaneous transcricothy- 

roid membrane selective bronchography is 
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described which is accurate, simple and 
safe, affording minimal discomfort to the 
patient. Except for a few cases of minimal 
subcutaneous emphysema, there have been 
no complications in the last 120 examina- 
tions performed. 

It is anticipated that the greater use of 
this method of selective bronchography 
will increase the diagnostic accuracy not 
only for neoplastic diseases but for other 
diseases as well. 

The possibility of the therapeutic value 
of selective bronchial infusions with medi- 
cation is suggested. 

Subsegmental wedge bronchography with 
magnification techniques for further inves- 
tigation of pulmonary disease 77 vivo is 
anticipated. 


E. Nicholas Sargent, M.D. 
Department of Radiology 

Los Angeles County General Hospital 
1200 North State Street 

Los Angeles, California 90033 
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BRONCHOGRAPH Y* 
DIAGNOSTIC SIGNS AND ACCURACY IN PULMONARY CARCINOMA 


By CARL T. RINKER, M.D., LEWIS J. GARROTTO, M.D., KYO RAK LEE, M.D., and 


ARCH W. TEMPLETON, 


M.D.1 


COLUMBIA, MISSOURI 


N RECENT vears the occurrence of 

carcinoma of the lung has shown a rapid 
rise and today is the leading cause of death 
from cancer in males in the United States.’ 
The resectability and 4 year survival rate 
for lung cancer has shown only a 10 per cent 
improvement in the past 15 years, despite 
an increased awareness of the disease and 
the application of mass radiologic surveys 
and sputum cytology to facilitate earlier 
diagnosis. Lesions located in the middle 
and peripheral third of the lung may 
simulate inflammatory processes, and often 
a significant time lag exists before definitive 
diagnostic and therapeutic measures are 
instituted. Lesions in and about the hilus 
are frequently not detectable by the bron- 
choscopist. 

The purpose of this communication is to 
identify and briefly describe 6 broncho- 
graphic signs encountered in cases of proven 
bronchogenic carcinoma. The frequency of 
occurrence and degree of accuracy of these 
signs are tabulated. The role of bronchog- 
raphy in the diagnosis of pulmonary car- 
cinoma, and its prognostic implications are 
discussed. 


MATERIAL AND METHOD 


'The patient records and bronchographic 
studies have been reviewed in 262 patients 
undergoing bronchography at our institu- 
tion from September 1964 to March 1968. 
One hundred and four cases have been 
found of which 97 had proven pulmonary 
carcinoma. The remainder had benign 
processes. All cases without histologic proof 
have been discarded. The location of the 
primary lesion within the lung has been 
divided into hilar, middle, and peripheral. 


Hilar lesions are those confined to the area 
of the pulmonary hilus and the inner third 
of the lung. Middle lung lesions have their 
origin in the middle third of the lung and 
peripheral lesions arise in the peripheral 
third of the lung. 

All bronchographic examinations were 
performed using a radiopaque catheter 
inserted percutaneously through the crico- 
thvroid membrane and positioned fluoro- 
scopically into the main bronchus on the 
side of interest. This method provides 
selective serial filling of the bronchial tree. 
Anesthesia is rapid, taking from 3 to § 
minutes to achieve, and roentgenograms of 
good or excellent quality are almost always 
obtained. Roentgenograms are taken in 
the anteroposterior, lateral and both ob- 
lique projections following careful filling of 
all desired bronchi under fluoroscopic 
control. Spot roentgenograms are taken to 
document persistent abnormalities. 

One lung is examined at a time to obviate 
difficulties caused by superimposition. If 
both lungs are to be examined, the other 
lung is examined 3 to § days later. At the 
completion of the examination, patients are 
encouraged to cough but to occlude the 
tracheal puncture site with their finger. 
Of the 262 patients examined using this 
method, one patient developed subcu- 
taneous neck emphysema which cleared 
with expectant treatment. This represents 
our only complication. 


BRONCHOGRAPHIC SIGNS OF MALIGNANCY 


1. Amputation of a bronchus usually 
occurs near its origin.’ The involved bron- 
chus shows distal narrowing with a menis- 
cus pointing away from the hilus at the 
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site of occlusion (Fig. 1,7). The appearance 
is not unlike that of the amputated stump 
of an extremity. This sign is in direct con- 
tradistinction to that produced bv benign 
intrabronchial processes such as adenomata 
which widen the bronchus proximal to the 
point of occlusion and show a meniscus 
pointing toward the hilus (Fig. 15). 

2. Sharp cut-off ot a bronchus is usually 
seen at a bronchial origin and shows very 
little or os narrowing prior to occlusion 
(Erg. 2, 2f and B) 

The stretched or bent bronchus sign is 
produced by a tumor mass which displaces 
4 segment of the bronchus leaving the 
proximal and 2d portions in their 
normal positions (Fig. 3). This sign may 
be a primary sign ay carcinoma and is fre- 


quently a sign of secondary metastatic 
deposits. Atelectasis, emphysema and 


pleural space masses and fluid displace and 
telescope bronchi, particularly their more 
terminal portions. 

4. Asymmetric narrowing of a bronchus 
with irregular encroachment of the lumen 
is due to invasion of the bronchus by tumor 
prior to complete occlusion (Fig. 4). In- 
Hammatory narrowing, as from tuberculo- 
sis, almost always produces symmetric, 
smooth, bronchial narrowing. 

Rat tail narrowing of a bronchus is 
seen as a narrowing of the bronchus with 
lack of normal arborization of the bronchus 
as 1t extends peripherally (Fig. c). 

6. Thumb-print indentation of the in- 
volved bronchus is a reflection of direct 
invasion of a bronchus by tumor mass 
(Fig. 6). It 1s usually seen in the trachea 
and main bronchi. When associated with 
some other bronchographic sign of car- 
cinoma, thumb-print indentation repre- 
sents copondany. mediastinal involvement 
by tumor. 

Carinal widening is a reflection of in- 
volvement of the subcarinal lymph nodes 
and therefore of prognostic significance. 


RESULTS 


The over-all accuracy of the broncho- 
graphic examination for carcinoma of the 
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Fic. 1. (4) Amputation of the bronchus by car- 
cinoma (arrow). (B) Meniscus sign (arrow) pro- 
duced by a bronchial adenoma. 


lung is 94.2 per cent using all signs at all 
dites (Table 1). The most accurate and also 
most common roentgenographic finding 
associated with lung malignancy was am- 
putation or sharp cut-off of a bronchus. 
Only one false positive study was found in 
this group. When either of these signs was 
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lic. 3. The stretched or bent 
bronchus (arrows). 





Fic. 2. (4) Sharp cut-off of the bronchus (arrow- 
heads). (B) Sharp cut-off of the left upper lobe ; 
bronchus with atelectasis (arrows). The superior l'1G. 4. Asymmetric narrowing of 
bronchus (arrow). 


segment of the left lower lobe now occupies the 
area of the left upper lobe. 
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FIG. ¢ 


Rat tail narrowing of a 
bronchus (arrows). 


present, 97.3 per cent of patients had a 
malignancy. T humb-printing of a bronchus, 
although encountered infrequently, in- 
variably denoted a malignant lesion. 
Bronchial stretching was a uniformly 
accurate sign in hilar and midlung lesions 
but less successful when applied to periph- 
eral lesions. Asymmetric narrowing of a 
bronchus was seen least frequently in our 
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6. Thumb-print indentation of a 
bronchus (arrow). 
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series, but was 100 per cent accurate when 
encountered. Rat tail narrowing was the 
least accurate sign and the errors in di: igno- 
sis were due to similar changes occurring 
with peripheral inflammatory processes. 

Peripheral lesions were the most difficult 


TABLE I 


LOCATION OF LESIONS 
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to diagnose but an accuracy of 60 per cent, 
albeit lower than for the more centrally 
placed processes, is superior to other 
accepted methods. Other authors have 
reported a bronchographic accuracy as 
high as 78 per cent for peripheral lesions.* 
One superior sulcus tumor was too periph- 
eral for bronchial filling and was diagnosed 
as a normal examination. 

The signs which occurred as secondary 
findings helped support the primary bron- 
chographic change. In order of occurrence, 
thumb-printing, stretching, and asym- 
metric narrowing, when associated with 
bronchial occlusive signs, produced a diag- 
nostic accuracy of 100 per cent and must be 
considered significant in the diagnosis of 
pulmonary malignancy. 

Carinal widening was found to be of 
more prognostic than diagnostic signifi- 
cance: 94 per cent of the patients who 
manifested carinal widening are dead from 
their disease. Thumb-print indentation of 
a bronchus carries a less grave prognosis but 
is still of significance in that 64 per cent of 
those patients showing this sign are now 
dead. 

Of the 6 benign lesions encountered, 1 
was a bronchial adenoma, 1 was a broncho- 
genic cyst, 4 were granulomas and I was 
loculated mediastinal fluid. In the latter 
instance, the fact that the terminal portions 
of the bronchial tree were bent and tele- 
scoped, rather than stretched, was not 
appreciated. 


DISCUSSION 


Of the many modalities available for the 
diagnosis of lung cancer, the broncho- 
graphic examination appears to be the most 
accurate. Combined roentgenologic studies 
including laminagraphy but excluding 
bronchography yield about 80 per cent 
accuracy. Bronchoscopy is an essential 
part of the diagnostic work-up, since 75 
per cent of these tumors are found in the 
major bronchi, but the incidence of positive 
diagnoses ranges from 30 to 5o per cent, 
using bronchoscopy. Cytologic examina- 
tion has become more popular but has a 
false negative percentage of 30 to 40 per 
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cent in cases of proven lung cancer and is 
usually negative in peripheral lesions.® * 
Scalene lymph node biopsy accounts for 
only 15 to 20 per cent of positive diagnoses." 
Direct needle or brush biopsy under fluoro- 
scopic control, either percutaneously or via 
the bronchial tree, shows promise for the 
future. 


CONCLUSION 


1. The bronchographic findings in 104 
cases of patients with proven histologic 
diagnosis of pulmonary carcinoma or lesions 
simulating pulmonary carcinoma are re- 
ported. 

2. Six bronchographic signs of malig- 
nancy are illustrated and their diagnostic 
accuracy is tabulated. 

3. The over-all accuracy of 94.2 per cent 
using bronchography is higher than other 
modalities currently employed in the diag- 
nostic work-up for bronchogenic carcinoma. 

4. Bronchography should be utilized 
early in the work-up for patients with sus- 
picious pulmonary lesions in an attempt to 
improve the over-all survival of patients 
who ultimately prove to have lung cancer. 


Carl T. Rinker, M.D. 

Department of Radiology 

University of Missouri Medical Center 
Columbia, Missouri 65201. 
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OSSIFYING BRONCHIAL CARCINOID 
A CASE REPORT 


By ROSALIND H. TROUPIN, M.D.* 


AUGUSTA, 


N RARE occasions, bronchial adeno- 

mas can ossify due to metaplasia of 
their stroma.! This fact was not appreciated 
in the case report to follow, and adenoma 
was not seriously considered in the radio- 
logic differential diagnosis. 


REPORT OF A CASE 
H.L.T. (ETMH 4073-006) was a 38 year old 
white male re-admitted in 1968 because of a 
left hilar mass. 


In 1963, five years before admission, fever 
and chest pain led to medical consultation else- 
where, at which time a small mass was said to 
have been present in the left hilum. At that 
time the patient refused surgery. 

During a 1966 admission to Eugene Tat 


GEORGIA 


madge Memorial Hospital, clinical work-up 1n- 
cluded weakly positive tuberculin and histo- 
plasmin skin tests. Chest roentgenograms (Fig. 
1, Æ and B) demonstrated a partially calcitied, 
finely lobulated 2.5 cm. left hilar mass as- 
sociated with partial left upper lobe atelectasis. 
A calcified right paratracheal node was also 
present. Bronchoscopy revealed a mass pro- 
truding into the left upper lobe bronchus. 
Bronchial biopsy showed "focal squamous 
metaplasia.” Surgery was advised but again 
refused by the patient. 

Two years later, in 1968, chest roentgeno- 
grams showed a 3 mm. increase in the diameter 
of the lesion, with progression of the left upper 
lobe collapse. 

The possibility of bronchial adenoma, other- 
wise a prime consideration in any slowly grow- 





Fic. 1. (4 and B) Posteroanterior and lateral chest roentgenograms showing left hilar and right paratracheal 
calcified masses. There is partial left upper lobe collapse. 
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ing, progressively obstructing mass, was es- 
sentially discarded because of the calcification. 
Granulomatous lymphadenopathy with de- 
veloping broncholithiasis was favored. Hamar- 
toma was considered as a second possibility. 

At thoracotomy a hard mass was found 
arising from the wall of the left upper lobe 
bronchus. Because a portion of the tumor ex- 
tended to the lower lobe bronchus, a left 
pneumonectomy was required. The right para- 
tracheal region was not inspected. 

The pathologic examination revealed the 
following: The submitted specimen was a 450 
gram left lung. A smooth hard mass measuring 
4-5 X3X 3.5 cm. protruded into the left upper 
lobe bronchus and was covered by intact 
mucosa. The distal bronchi were dilated and 
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Fic. 2. Low power magnification of carcinoid tumor. 
Uniform small cells and multiple bone trabeculae 


are seen. 
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hlled with mucus. Microscopic sections (Fig. 2) 
showed nests and cords of uniform small cells 
typical of a carcinoid type of bronchial ad- 
enoma. There was abundant vascular stroma 
and very extensive ossification. 

The patient is being followed in the outpa- 
tient department and is being considered for 
re-exploration of the right mediastinum. It is 
not known whether the paratracheal node is 
granulomatous or a solitary focus of tumor 


spread. 


SUMMARY 


A case of bronchial adenoma is reported 
having the unusual features of dense calcifi- 
cation and ossification. 

Ignorance of this rare phenomenon pre- 
vented serious radiologic consideration of 
this entity. 


2672 168th Avenue, S.E. 
Bellevue, Washington 98004 
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RADIOLOGY AND HONEYCOMB LUNG DISEASE* 


By T. H. JOHNSON, Jr., M.D. 


MEMPHIS, TENNESSEE 


HE recognition and diagnosis of the 
multiple causes of honeycomb lung 
disease are complicated by the inaccurate 
definitions of terms. The original usage 
was a gross pathology term employed at 
autopsy to describe lungs with a worm- 
eaten or honeycomb appearance." The 
involvement could be lobar or generalized. 
The roentgenographic recognition of 
honeycomb lung disease implies the visu- 
alization of multiple lucent shadows trom 
+ mm. to 10 mm. in size (Fig. 1). We often 
use the term in reference to a disordered 
multicystic visualization, regardless of size, 
that appears similar to a wasp nest thrown 
down and trampled. This disordered multi- 
lucent visualization is frequently seen as 
disease but rarely follows a predictable 
pattern of development or involvement. 
The lungs are made up of vessels, lym- 
phatics, asmall amount of interstitial tissue, 
and a large amount of air (inside bronchi, 
alveolar spaces, etc.). Pathologic involve- 
ment of the differential densities of these 
few structures produces a tremendous 
number of variations in the roentgeno- 
graphic visualization of diseases. On the 
other hand, several diseases may present a 
similar roentgenographic appearance; in 
which case a differential diagnosis 1s neces- 
sary. A roentgenographic honeycomb ap- 
pearance requires a sophisticated differen- 
tial diagnosis and factual integration for 
accurate interpretation. 

Optical perception plays a significant 
part in the diagnosis of honeycomb lung 
disease." Multiple scattered miliary nod- 
ules in appropriate groupings are resolved 
by the eye as a poorly-outlined honeycomb 
appearance, as are multiple longer strands 
of disordered arrangement (Fig. 2, 4—F). 
Kelson’ has previously demonstrated the 
thickened septal walls and edematous wall 
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Fic. 1. A honeycomb, lower left, is only one type of 
reticular (net-like) pattern. Other examples il- 
lustrated reveal the order or disorder of various 
reticular patterns. 


changes of disseminated interstitial pul- 
monary diseases. 

The statement is often made without 
specific documentation that a honeycomb 
pulmonary pattern is the only reliable sign 
of interstitial lung disease. This does not 
mean, however, that all roentgenographic 
honeycomb patterns are conclusively inter- 
stitial disease, as would be the case with a 
gross pathology honeycomb appearance. 
A review of the literature and our personal 
experience reveal confusion regarding a 
good differential diagnosis of the roentgeno- 
logic entity, “honeycomb lung disease." 
This confusion has evolved into the follow- 
ing approach: 

A chest roentgenogram with a honey- 
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l'16. 2. The photographs of millet seeds and sunflower seeds (4, C and E) are compared to their roentgeno- 
grams (B, D and F). When the composition is entirely millet (4), the roentgenogram (B) reveals an 
orderly granular pattern. A mixture of millet and sunflower seeds (C) produces the roentgen appearance of a 


honeycomb pattern (D). Sunflower seeds alone (Æ) also produce a honeycomb pattern (F), but the pattern 
is more disordered and strandlike as in fibrotic pulmonary diseases. 


comb pattern is first evaluated for a pre- the natural history of interstitial diseases 
dominant miliary or strandlike appear- and may either progress to fibrotic strand. 
ance. The miliary pattern appears early in ingor disappear. Most diseases with a vascu- 


812 


litis reaction or hematogeneous basis seem 
to visualize as a fusion of miliary dots. 
Sporadic multiple respiratory acinous opac- 
ification produces a similar appearance.’ 
The sparse strandlike patterns of fibrotic 
scars and interstitial thickenings resolve 
optically as a sharp focus honeycomb pat- 
tern in contradistinction to the softer 
granularity of the mihary honeycomb 
(Fig. 2, 4—F). 

A second point of evaluation is the 
character and timing of changes in the pat- 
tern. Probably the most important factor 
of evaluation is clinical symptomatology. 
If the roentgen diagnosis does not agree 
with the clinical findings, we must review 
the possibilities of another diagnosis, and 
the proper diagnosis must be assumed. 

Table 1 shows the results of reviewed and 


TABLe I 


DEFINITE CAUSES OF HONEYCOMB LUNG 














Common Causes 


Saccular 

Bronchiectasis 

Bronchiolectasis 
Bullous emphysema of lung 
Diffuse interstitial fibrosis of lung 


Acute Infections 


Influenza 

Herpes zoster (chicken pox) 

Tuberculous bronchopneumonia (galloping con- 
sumption) 


Chronic Diseases 
Chronic lipoid pneumonia 
Pneumoconioses 
Silicosis 
Asbestosis 
Bervlliosis 
Bauxite pneumoconiosis 
Other reactive dusts 


Granulomatous Diseases 
Chronic tuberculosis 
Fungus diseases (chronic) 
Sarcoidosis 
Wegener’s granulomatosis 


Congenital Diseases 


Mickety-Wilson disease (pulmonary dysmaturity) 
Fibrocystic disease of lung (mucoviscidosis) 
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Taste I (Continued) 


Collagen Diseases 
Scleroderma 
Periarteritis nodosa 
Lupus erythematosus (less frequently) 
Dermatomyositis 
Rheumatoid disease of lung 


Malignant Diseases 
Lymphangitic spread 
Leukemic infiltrates 
Lymphoma with spread 


Rare Causes 


Tuberous sclerosis (muscular cirrhosis of lung) 
M vomatosis ("von Recklinghausen's") 
Leiomyomatosis of lung 

Adenomatosis of lung 

Giant cell pneumonia 

Hamman-Rich syndrome 


Storage Diseases 

Histiocytoses (histiocytosis X) 
Eosinophilic granuloma 
Hand-Schüller-Christian 

histiocytosis) 

Letterer-Siwe’s disease (non-lipid histiocytosis) 

Niemann-Pick's disease 

Gaucher’s disease 


disease (cholesterol 








experienced causes of roentgenologic honey- 
comb lung disease. These causes lend them- 
selves to the somewhat artificial separation 
listed, and each category will be illustrated 
and discussed individually. After listing 
the definite causes of a honeycomb picture, 
there are several possible causes (Table 11) 
which cannot be completely excluded from 


Tase II 


POSSIBLE CAUSES OF HONEYCOMB LUNG 

















Desquamative interstitial pneumonia 

Farmer’s lung 

Inhalation of hot mercury fumes 

Streptomycin treated tuberculous 
bronchopneumonia 

Idiopathic pulmonary hemosiderosis 
(terminal stages) 

Chronic mitral valve disease 

Whipple’s disease 

Acute rheumatic fever pneumonitis 

Asthmatic changes 
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a differential diagnosis. These possible 
causes are of a hearsay variety— those 
which "someone has said" can result in a 
honeycomb pattern, but which are seldom 
seen. The definite and possible causes 
illustrated here are pathologically verified 
and are presented to aid in the discussion 
of differential diagnosis, 


DEFINITE CAUSES OF HONEYCOMB LUNG 
FIBROSIS 

Fibrosis from whatever cause and its 
associated emphysematous changes pro- 
duce a reticular pattern (Fig. 3 and 4) and 
are the most common bases for honeycomb- 
ing.’ Bronchial wall fibrosis and sacculation 
produce à more worm-eaten appearance 
(Fig. 5). These diseases are chronic end 
results of pulmonary changes and show 
little modification in appearance over pro- 
longed periods unless a superimposed in- 
fection occurs. 





lic. 3. Chronic fibrosis and emphysema. The hy- 
perlucent lung and flat diaphragms indicate the 
air content of the emphysematous spaces. The 
loss of vascular patterns and irregular linear 
reticular markings of fibrosis honeycomb the 
"empty spaces." 
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ic. 4. Bullous emphysema (vanishing lung disease). 
The irregular blebs and bullae compress the ves. 
sels into a crowded group of irregular honeycombs. 


ACUTE INFECTIONS 


The acute infections producing a honey. 
comb appearance are usually viral rather 





liG. 5. Bronchiectasis. This multicystic, chewed-up 
appearance is the end result of severe influenza 
and pneumonia. The saccular ectatic areas reveal 
multiple air fluid levels. 





l'1G. 6. Viral pneumonia. The nodular honeycomb 
appearance is a combination of an alveolar and an 
interstitial pattern with the interstitial pattern 
predominating. The disease here was acute in- 
fluenza. 


than bacterial (Fig. 6). The bacterial 
pneumonias tend to be predominantly 
alveolar and consolidative.’ The viral 
diseases have both an interstitial and an 
alveolar component with the interstitial 
predominating. The acute phase of the 
infectious granulomas may have a reticular 
punched-out appearance (Fig. 7), and all 
of the acute infectious causes of honey- 
combing demonstrate a rapidly and ire 
quently changing pulmonary pattern." 


CHRONIC REACTIVE DISEASES 

The chronic reactive diseases, e.g., lipoid 
pneumonia (Fig. 8) and pneumoconiosis 
(Fig. 9) produce a true fibrotic honey- 
combing. The pulmonary pattern may pass 
through a miliary phase, but results in a 
true fibrosis and emphysema. Chronic 
lipoid pneumonia (Fig. 8) produces a reac- 
tion primarily in the lower lung fields, and 
verification of the diagnosis is made by 
identification of lipophages or abundant 
sudanophilic material in the sputum." The 
pulmonary response to the reactive dusts 
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Fic. 7. Galloping consumption. This disseminated 
tuberculous pneumonia shows consolidation in the 
right lung. The left mid lung demonstrates the 
patchy nodular infiltrates resulting in a percep- 
tible honeycomb pattern. 


Fic. 8. Lipoid pneumonia. This elderly lady com 
pounded her own nose drops from mineral oil. 
'The resulting chronic lipoid pneumonia is a true 
pulmonary reaction to an irritative material. Due 
to the aspirational method of introduction, the 
reaction is usually in the lower lobes. 
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(Fig. 9) commonly ends in interstitial 
hbrosis with honeycombing; however, it is 
accompanied by other lesions including dis- 
seminated nodules and conglomerate 
masses.* This picture is most frequently 
identified in silicosis, but is common to 
all pneumoconioses. 


CHRONIC GRANULOMATOUS DISEASES 


The chronic granulomatous diseases clas- 
sically produce a honeycomb lung. We 
most frequently identify infectious granu- 
lomas such as histoplasmosis (Fig. 10) or 
tuberculosis; however, other fungi, sar- 
coidosis (Fig. 11), etc., must not be forgot- 
ten (Table 1). The Blüteme infectious granu- 
lomas (Fig. 10) are most suspect when the 
reaction is in the upper lung fields or 
superior segment of the lower lobes. Pul- 
monary sarcoidosis (Fig. 11) usually pro- 
gresses from an interstitial nodular form of 
the disease to diffuse interstitial fibrosis and 
honeycombing. The interstitial fibrosis is 
irreversible and Mi qu slowly to exten- 
sive bullous emphysema.’ 

CONGENITAL DISEASES 

The congenital causes of a honeycombed 

lung at the time of first observation must be 





Fic. g. Silicosis. Note the interstitial nodulation, 
marked fibrotic stranding and early conglomerate 
masses on this chest roentgenogram of silicosis. 
No egg shell calcifications are present in the hilar 
areas at this time. 
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lic. 10. Chronic granulomatous disease. The wide- 
spread fibrosis, retraction, and emphysema seen 
here are eypical of histoplasmosis. Tuberculosis 
usually shows a more calcific reaction. 


differentiated from a number of infectious 
or very rare lesions. Two primary diag- 
noses evolve in this category. P ulmonary 
dysmaturity (Mickety-Wilson syndrome)? 
is characterized by a diffuse, bilateral, 
coarse, lace-like pattern of infiltrates with 





FIG. rr. 


Sarcoidosis. Honeycombing is seen here 
primarily in the mid and lower lung fields with 
bullous formation predominating in the apices. 
The hilar enlargement represents ly mph nodes. 
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Fic. 12. Pulmonary dysmaturity (Mickety-Wilson 
syndrome). Pulmonary dysmaturity is character- 
ized by a diffuse, bilateral, coarse, lace-like pattern 
of infiltrates with alternating cystic foci from 2 to 
1o mm. in diameter. 


alternating cystic foci from 2 to 10 mm. in 
diameter (Fig. 12). Roentgenographic clear- 
ing of the pulmonary abnormalities occurs 
in surviving infants over the first 8 to 1o 
months. Mucoviscidosis (Fig. 13) is a pul- 
monary reaction to a mucous or surfactin 
abnormality. The earliest roentgen mani- 
festations are emphysema followed by focal 
atelectasis from bronchial plugging. The 
resultant pneumonitis and continued focal 
collapse produce the stringy fibrosis and 
patchy densities with which we are more 
familiar. Congenital lobar cystic disease of 
the lung probably should not be a part of a 
differential diagnosis of honeycombing, 
for its appearance is bizarre and easily 
separable. 


COLLAGEN DISEASES 


All collagen diseases have been impli- 
cated as a basis for pulmonary changes due 
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Fic. 13. Mucoviscidosis (pulmonary cystic fibrosis). 
Pulmonary manifestations in this systemic disease 
are resultant from the congenital mucous abnor- 
mality. Widespread emphysema with linear 
fibrosis and focal atelectasis are manifest. There is 
usually a poor resistance to secondary infection. 


to their vascular effect—either direct or 
from abnormal blood proteins, hypersensi- 
tivity, etc? A vasculitis pattern emerges 
that is probably identifiable at some time 





l'1G. 14. Scleroderma. Cardiomegaly may be totally 
vascular or may contain a component of peri- 
cardial fluid. The lungs show diffuse emphysema 
but the inferior areas demonstrate a diffuse sclero- 
cystic appearance. 
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hic. 15. Periarteritis nodosa. The lungs reveal an in- 
creased lucency and the vessels proceed toward 
abrupt ends. The nodular pattern is interspersed 
with honeycomb cystic areas. 


in the course of all of the collagen diseases, 
if roentgenograms could be obtained at the 
proper times. There is an overlapping of 
clinical symptomatology and roentgen find- 
ings that confuses the exact identification 
of the specific causal entity in some cases; 
but the appearance of small nodular densi- 
ties with a shifting pattern, pleural and 
pericardial effusions, and, finally, a honey- 





4 


liG. 16. Lupus erythematosus. Pleural reaction and 
Huid are present on the left, and peripheral den- 
sities probably represent su bsurface infarcts. The 
lower lung fields demonstrate the honeycomb 
lesion. 





l'16. 17. Rheumatoid lung disease. This patient with 
clinical advanced rheumatoid arthritis also ex. 
hibits the advanced pulmonary findings. The 
nodular densities are probably rheumatoid nod 
ules. The cystic honeycombing results from necrot 
ic nodules and fibrosis from vasculitis. 


group of diseases. Scleroderma (Fig. 14) 
S g. 14 
produces a typical “sclerocystic” appear- 


comb fibrotic pattern should suggest this 





hic. 18. Pulmonary metastases; carcinoma of right 


lung with lymphatic spread. The pattern of 
malignant spread is both nodular (hematogeneous) 
and linear (lymphatic). The combined result is a 
honeycomb visualization. 





Fic. 19. Tuberous sclerosis. The pulmonary honey- 
comb appearance with isolated nodules and a 
"shaggy" heart, often without clinical symptoms, 
‘s characteristic of tuberous sclerosis. The chest 
roentgenogram is usually less involved than in this 


Casc. 


ance with a fine honeycomb pattern 
thought to be characteristic." Periarteritis 
nodosa (Fig. 15) is predominantly a lo- 
calized vasculitis resulting in loss of pul- 
monary vessels which may be rapidly fatal. 
Lupus erythematosus (Fig. 16) 1s recog- 
nized bv changing patches of pulmonary 
edema and hemorrhage followed by a 
linear and fibrotic pattern similar to a 
honeycomb. Rheumatoid lung disease (Fig. 
17) is probably more common than usually 
‘dentified because it is infrequently sus- 
pected. The most common lesion is pleuritis 
with pleural effusion. Subsequently the 
lung demonstrates rheumatoid nodules 
with resultant fibrosis and subpleural cystic 
areas.!* 
MALIGNANT DISEASES 

All malignant causes of honeycomb lung 
have a similar basis (Fig. 18). The malig- 
nant lesion appears in the lungs through a 
hematogeneous spread or lymphangitic 
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extension.’ The hematogeneous spread will 
exhibit varying sized nodules due to the 
waves of tumor emboli arriving in the lungs 
at different times; lymphangitic spread 1s 
more uniform. Lymphomas are more likely 


to have associated adenopathy and medias- 
tinal masses than disseminated carcinoma. 


RARE CAUSES 

The term “rare causes” in this instance 
refers to entities that either cannot be 
easily grouped in other areas of a honey- 
comb differential diagnosis or are infre- 
quent in occurrence. Tuberous sclerosis 
(Fig. 19), myomatosis, leiomyomatosis, 
and adenomatosis are considered similar 
in basis by some investigators and dis- 
similar by others.^? The pulmonary char- 
acter may be inseparable by appearance 
alone. The basis of these lesions is an 1n- 
crease of the myomatous elements in the 
lungs with or without fibrosis." The term 
Hamman-Rich syndrome (Fig. 20) has 
come to be best understood as an intersti- 
tial fibrosis of unknown etiology rather 
than completely idiopathic. Felson* ac- 
cepts the term, Hamman-Rich syndrome, 
‘fit is understood to indicate the end-result 





Fic. 20. Hamman-Rich syndrome. Idiopathic diffuse 
interstitial fibrosis (Hamman-Rich syndrome) 1s 
the prototype for a honeycomb lung pattern. 
Note the thickened septa and uniformity of the 
cystic areas. 
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of a number of conditions and not a specific 
entity. The roentgenographic appearance 
(Fig. 20) is classic for pulmonary honey- 
combing and fibrosis. 


STORAGE DISEASES 


The storage diseases should be considered 
together, as we cannot identify the stored 
material from roentgenographic visualiza- 
tion. Eosinophilic granuloma (Fig. 21) is a 
classic consideration for the histiocy tosis 
storage group of diseases.” The essential 
disturbance is expansion in the reticuloen- 
dothelial system and in all organs including 
bone, liver and splenic lymphatics. Lungs 
may be involved either singly or in combi- 
nation,” 


POSSIBLE CAUSES OF HONEYCOMB LUNG 


The list of possible causes of honeycomb 
lung (Table 11) is compiled from reference 
material and occasional examples which 





Fic. 21. Eosinophilic granuloma. 
involvement in eosinophilic granuloma is usually 
in the mid or upper lungs with honeycombing in 
these areas. The pleural reaction in the right 
diaphragm area seen here is resultant of a pul- 
monary biopsy. 


The pulmonary 
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Fic. 22. Hemosiderosis. The diffuse granular pattern 
of this case of idiopathic pulmonary hemosiderosis 
visually resolves as a honeycomb pattern. The 
orderly rounded lucencies are best seen in the 
lung fields. 


appear to present a honeycomb appear. 
ance. Pulmonary hemosiderosis (Fig. 22), 
rheumatic heart disease with pulmonan 
edema (Fig. 23), and asthmatic changes 
(Fig. 24) are such cases. Pulmonary deposi- 





Fic. 23. Rheumatic heart disease with acute pul- 
monary edema. The mitral valvular disease heart 
configuration is an indication of a vascular basis 
for the pulmonary disease. The shifting edema 
gives a honeycomb pattern best seen here in the 
left hilar area. 
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Fic. 24. Asthmatic changes. 'The left lower lung field 
shows a localized honeycomb appearance. The re- 
maining lung fields reveal hyperaeration. 


tion of hemosiderin with associated fibrosis 
is rare but represents a cause of honeycomb- 
ing that is stable and unchanging over 
prolonged periods of time (Fig. 22). Car- 
diac failure, from whatever cause, with 
shifting pulmonary edema infiltrates will 
give a sieve-like appearance to the lung 
(Fig. 23). The vascular congestion 1s an 
‘ndication of this basis. Asthma (Fig. 24), 
with its expiratory obstructive component, 
bronchial plugging, and focal atelectasis, 
produces shifting densities in the lung that 
result in a reticular appearance. 


DISCUSSION 


The diagnosis of specific causes of honey- 
combing of the lung requires a sophisti- 
cated knowledge of the possibilities and all 
available clinical information. The diagno- 
sis cannot be determined from the chest 
roentgenogram alone. The process of dif- 
ferential diagnosis is easier if the more 
common causes are considered first and 
eliminated before proceeding to the diag- 
nosis of a rare cause for honeycomb lung. 
Tables 1 and 11 list the groupings and enti- 
ties for these patterns. 
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Clinical information of dust exposure or 
occupation may direct diagnostic investi- 
gation. Age is the important factor in 
diagnosis of pulmonary dysmaturity. Phys- 
ical findings of skin changes, lymph node 
enlargement, or body habitus may narrow 
the field of investigation. It is always 1m- 
portant to obtain previous laboratory data 
and roentgenograms for comparative evalu- 
ation. 

Roentgenologic indicators are important 
considerations. The speed of apparent 
change or lack of change of the pulmonary 
appearance may direct investigation, Cer- 
tain pulmonary areas of primary involve- 
ment in the apices or bases indicate specific 
etiologies. Despite these indications, pul- 
monary biopsy is usually necessary for 
definitive diagnosis. The radiologist may 
direct the site of biopsy for optimal results. 


SUMMARY 


A honeycomb lung pattern is encoun- 
tered in a significant number of diseases. 
The clinical information must be combined 
with the roentgen findings for accurate 
diagnosis, and the more common causes 
should be considered first and eliminated 
before proceeding to the rare diagnoses. 

Roentgen specifics are varied within the 
honeycomb pattern and may direct the 
investigation. Examples of causative con- 
ditions and differential points are discussed. 


Department of Radiology 
University of Tennessee 
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865 Jefferson Avenue 
Memphis, Tennessee 35103 
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APICAL ROENTGENOGRAPHIC VIEWS 
OF THE CHBESI* 


By GEORGE JACOBSON, M.D., and E. NICHOLAS SARGENT, M.D. 


LOS ANGELES, CALI FORNIA 


N CONVENTIONAL roentgenograms 

of the chest, the apical portions of the 
lungs are frequently obscured bv the over- 
lying soft tissues, clavicles and upper ribs. 
Additional important diagnostic informa- 
tion which can be obtained from apical 
roentgenograms of the chest warrants their 
more frequent and general use. 

Various examinations for detection of 
pathology in the apices have been described 
which include the usual anteroposterior 
lordotic view, the reverse posteroanterior 
lordotic view, and the posteroanterior 
kyphotic view—all of which require either 
marked angulation of the patient or of the 
roentgen-ray tube. =? Objections to the 
use of these techniques include uncomfort- 
able and awkward positions for the patient, 
especially those who cannot cooperate due 
to illness; an uncontrollable tendency for 
the scapulae to move medially prior to the 
roentgen-ray exposure, thus obscuring the 
underlying lung fields; technical difficulties 
associated with faulty ceiling and floor 
heights resulting in improper tube-film 
distances and angulations; and a general 
lack of reproducibility when repeat com- 
parative examinations are required. 


TECHNIQUE 


A satisfactory reproducible standardized 
technique for detection of apical pulmonary 
pathology has been used at the Los Angeles 
County-University of Southern California 
Medical Center which has been slightly 
modified from that described by Merrill.’ 
A posteroanterior roentgenogram is first 
taken with the patient's hands upon the 
hips, palms outward, and the shoulders 
and elbows arched anteriorly toward the 
film (i.e., the usual position for any rou- 


tine posteroanterior chest roentgenogram). 
The manubrial notch of the sternum is 
centered to a 10X12 inch film placed trans- 
versely. (For practical purposes, the soft 
tissues of the shoulders are placed so that 
their upper margin is approximately 1 inch 
above the transverse center line of the 
film.) The tube, fixed 6 feet from the film, 
is angled 15? cephalad with the central rav 
entering through the body of T 3 poste- 
riorly, and emerging at the level of the 
sternal notch anteriorly. This roentgeno- 
gram is taken with the patient in deep 
expiration (Fig. 14; and 24). 

The patient is then rotated and an 
anteroposterior roentgenogram is taken 
with the patient in exactly the same posi- 
tion but with the back against the film. 
Here, the body of T 2 is centered to the 
flm. (Again, for practical purposes, the 
upper borders of the soft tissues of the 
shoulders are placed so that they are ap- 
proximately 1 inch above the transverse 
center line of the film.) The tube, fixed 6 
feet from the film, is again angled 15° 
cephalad. The central ray enters anteriorly 
at the manubrial angle of Louis and 
emerges at the level of the body of T 2. 
This roentgenogram is taken in deep 
inspiration (Fig. 12; and 28). 

Both roentgenograms are taken in the 
erect position. However, when a patient 1s 
ill, similar studies can be obtained with the 
patient in the recumbent position. 


DISCUSSION 


During expiration, the clavicles and the 
manubrium of the sternum descend infe- 
riorly along with the articulating anterlor 


ends of the first two ribs. As a result, in 
the posteroanterior view with expiration, 


* From the Department of Radiology, Los Angeles County-University of Southern California Medical Center, Los Angeles, Cali- 
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lic. 1. (4) Posteroanterior apical roentgenogram. W 
cephalad, entering through the body of T : 


ith patient in expiration, the central ray is angled 


3 posteriorly and emerging at the level of the stern 
teriorly. (B) Patient in ins »ration. The central ray is 
- I - 


sternal body junction anteriorly 


| c^ 
al notch an- 
angled 15? cephalad, entering at the manubrial. 
and emerging posteriorly at the level of the body of T 2. 


Q p^ o ) Lad 


F'16. 2. (4) Line drawing of central ray in Figure 14. (B) Line drawing of central ray in Figure 1B. 
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greater extent than the posterior ribs which 
are closer to the film. Thus, a posterior view 
of the apices is obtained with the apices 
lying below the shadows of the clavicles 
(Fig. 3B; and 4B). In addition, the anterior 
and posterior ends of the ribs are super- 
imposed and an unobstructed view of the 
intervening lung is obtained. 

Utilizing these two views, one is able to 
study the apices without the marked 
anatomic distortion that is obtained with 
the conventional lordotic views (Fig. 5, 7 
and B). 

Pathology in the apices such as neo- 
plasms which are not readily identified on 





Fic. 3. (4) Posteroanterior apical roentgenogram 
with the apices projected above the shadow of the 
clavicles. (B) Anteroposterior apical roentgeno- 
gram with the apices projected below the shadows 
of the clavicle. 


the apical portions of the lung are thus un- 
covered and are less obscured. In addition, 
angulation of the tube 15° towards the 
head results in projecting the posterior ribs 
cephalad to a greater extent than the ante- 
rior ribs, since the anterior ribs are closer to 
the film. Thus, an anterior view of the 
apices is obtained projected above the 
shadow of the clavicles (Fig. 34; and 44). 





ic. 4. (4) Line drawing of osseous structures in 
relation to apices showing projection of the pos- 


The complementary anteroposterior api- terior aspects of the ribs superiorly while the 
cal roentgenogram 1s taken in inspiration anterior portions of the ribs, clavicles and sternum 
causing the anterior ends of the first two remain inferiorly, as demonstrated in Figure 34. 


ribs, the clavicles and the manubrium of (B) Line drawing of the osseous structures of the 
thorax showing projection of the clavicles and 


1 7 j f . . . Li . 
the sternum to move superiorly, With n anterior ribs superiorly while the posterior as- 
15 cephalad angulation, the anterior ribs pects of the ribs remain inferiorly, as demon- 
and clavicles are projected superiorly to a strated in Figure 3B. 
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Fic. 5. (B) Line drawing of the osseous structures 
of the upper thorax showing more marked dis. 





lic. 5. (4) Conventional anteroposterior lordotic tortion of the anatomic outlines, as demonstrated 
view: in Figure 5. 

à routine posteroanterior chest roentgeno- Obscured and hidden lesions of tubercu. 

gram are better visualized in the apical losis are brought out to a greater advan- 

views (Fig. 6, 4, B and C). tage (Fig. 7, 4, B and C). 





Fic. 6. (4) Routine posteroanterior 
chest roentgenogram showing a 
poorly visualized neoplasm in the 
right apical region. (B) Anteropos- 
terior apical roentgenogram show- 
ing the lesion to best advantage. 
(C) Planigram showing lack of cal- 
cification. 








Fic. 7. (4) Posteroanterior chest roentgeno- 
gram showing lesion of tuberculosis ob- 
scured by overlying osseous structures. 
(B) Posteroanterior apical roentgeno- 
gram. (C) Anteroposterior apical roent- 
genogram. 


Fic. 8. (4) Cavitating lesion due to tuber- 
culosis of the left upper lobe is not well 
visualized on the posteroanterior roent- 
genogram. (B) Posteroanterior apical 
roentgenogram. (C) Anteroposterior apl- 
cal roentgenogram. 
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Cavitating lesions which are not readily 
visible on routine chest roentgenograms are 
better shown in the apical views (Fig. 8, A, 
B and C). It should be emphasized that 
both the posteroanterior and anteroposte- 
rior apical roentgenograms are complemen- 
tary and one view does not substitute for 
the other. 





Fic. 10. (4) 


anterior apical roen tgenogram. 


Apical Roentgenographic Views of the Chest 


l'1G. 9. (4) Posteroanterior chest roentgenogram showing a linear sh 
dence of an apical emphysematous bleb. (B) Posteroanterior apic 
apical roentgenogram showing the bleb to best advantage. 


Routine chest roentgenogram with a question 
apical roentgenogram showing lesion due to congenital 


adow overlying the clavicle but no evi. 
al roentgenogram. (C) Anteroposterior 


In the study of emphysema, emphysema- 
tous blebs which may be hidden behind 
the overlying obscuring ribs and clavicles, 
can be seen to a much greater advantage 
in the apical views (Fig. 9, 4, B and C). 
In addition, since the anteroposterior 
roentgenogram is taken in inspiration, and 


the posteroanterior roentgenogram in ex- 





able lesion in right upper lobe. (B) Anteroposterior 
anomaly of second rib. (C) Complementary postero 





r 


Fic. 11. (4) Routine chest roentgenogram with 
suspected lesion in anterior end of right first rib. 
(B) Anteroposterior apical roentgenogram show- 
ing coccidioidomycosis of anterior end of right 
first rib. 


piration, differential comparative changes 
with aeration and de-aeration may be 
demonstrated when comparing both sides. 

The use of apical views for the detection 
of fractures of the first two ribs, which may 
not be visualized with routine examina- 
tions, is also advantageous. When congeni- 
tal anomalies of the ribs tend to simulate 
pulmonary disease, apical views can also 
be used for definitive diagnosis (Fig. 10, 
A, B and C). 

Other osseous lesions of the first two 
ribs such as infectious processes are better 
delineated in the apical views. Figure 11, 
A and B demonstrates coccidioidomycosis 
of the right first rib. 


SUMMARY 


A simple standardized technique for the 
detection and visualization of otherwise 
hidden apical and subapical pulmonary 
disease is described. 

The additional information obtained 
warrants the more general and frequent use 
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of these views as an adjunct to the routine 
posteroanterior chest examination. 

The advantages over previously de- 
scribed methods include technical simplic- 
ity and easy reproducibility when repeated 
comparative examinations are necessary. 
The examination can be performed in the 
erect or recumbent position with no patient 
discomfort. 'The resultant roentgenograms 
are obtained with a minimum of anatomic 
distortion. 


E. Nicholas Sargent, M.D. 
Department of Radiology 

Los Angeles County General Hospital 
1200 North State Street 

Los Angeles, California 90033 
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THE ROLE OF BRONCHOPULMONARY ANASTO- 
MOSES IN CHRONIC INFLAMMATORY 
PROCESSES OF THE LUNG* 


SELECTIVE ARTERIOGRAPHIC INVESTIGATION 


By A. S. J. BOTENGA 


LEIDEN, THE NETHERLANDS 


N CHRONIC inflammatory processes of 

the lung, such as bronchiectasis, there 
are arterial anastomoses between vessels 
of the vascular network of the bronchial 
and pulmonary circulation. Due to the 
difference in pressure between the systemic 
and the pulmonary circulation, the bron- 
chial blood enters the pulmonary arteries 
via these shunts. Various theories have been 
expounded to explain the genesis of this 
type of anastomosis. 

Miller*!* is of the opinion that such 
anastomoses can only develop as a result 
of the capillary connections between the 
two systems. von Hayek," Verloop,” 
Tobin,* and Pump? state that broncho. 
pulmonary anastomoses also occur in nor- 
mal lungs. Cudkowicz and co-workers!-* 
state that they always develop after reca- 
nalization of thrombosed pulmonary arte- 
ries by the vasa vasorum, the vasa vasorum 
of the pulmonary arteries being branches of 
the bronchial arteries. Liebow et 272-15 be. 
lieve that these connections develop bv the 
proliferation of vascular endothelium of 
pulmonary and bronchial arteries in granu- 
lation tissue. According to some authors, 
including Turner-Warwick,? Smith e in. 
and Orell and Hultgren,” several of these 
explanations are valid because thev have 
found more than one of these develop- 
mental forms in their material. 

All these investigators found the anasto- 
moses in histologic preparations. Conse. 
quently, it was not known whether they 
persist or could disappear. Selective roent- 
genologic vascular studies now make it 
possible to follow the developmental course 
of bronchopulmonary anastomoses and to 


obtain a better idea of the importance of 
these connections in chronic inflammatory 
processes of the lung. In each of 2 patients 
with bronchiectasis reported below, we 
performed bronchial arteriography twice 
with an interval of 1 year, 


REPORT OF CASES 


CASE 1. A 49 year old woman had an infec- 
tion of the respiratory passages in January, 
1966, after which she complained of coughing 
and dyspnea. A roentgenographic examination 
of the thorax on March 4, 1966 showed infiltra- 
tion and a reduction in the size of the pectoral 
segment of the right upper lobe (Fig. 1, 7 and 
B). She was admitted for analysis of this 
anomaly. The bronchogram made on March 14, 
showed an occlusion of the pectoral segmental 
bronchus of the right upper lobe (Fig. 2). A 
bronchial arteriography was performed. A red 
Kifa O.L. catheter was introduced via the right 
liac artery, and a wide right intercostobron 
chial trunk was reached. A series of antero- 
posterior and lateral arteriograms were made 
during inspiration and expiration (Fig. 3, 4 
and B). In this series the bronchial artery was 
greatly enlarged, measuring 43 mm. (as com- 
pared to a normal caliber of 11 mm.). This in- 
crease was caused by the wide artery supplying 
the upper lobe. The change in caliber could be 
estimated by comparison with the normal width 
of the bronchial artery supplying the lower lobe. 
It is striking that the peripheral part of this 
latter artery was virtually unfilled, due to the 
preference of the flow for the wide bronchial 
artery. The pulmonary arteries of the right 
upper lobe were filled via multiple parahilar 
bronchopulmonary shunts (Fig. 34). Figure 
3B shows the same phase during expiration. 
Considerably less branches of the pulmonary 
artery are visible. [n both series of roentgeno- 


* From the Department of Radiology (Head: Prof. J. R. von Ronnen), University Hospital, Leiden, The Netherlands. 
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Fic. 1. Case 1. (4) Infiltration in the pectoral segment of the right upper lobe. (B) Infiltration and slight 
atelectasis of the pectoral segment of the right upper lobe. 


grams the pulmonary veins of the right upper 
lobe are shown in the venous phase. 

'The roentgenogram of the thorax revealed a 
gradual resorption of the infiltration. On the 
basis of an elevated titer, characteristic for 
Mycoplasma pneumoniae, the diagnosis was 
primary atypical pneumonia. Haemophilus 1n- 
fluenzae was cultured once from the sputum. 
Antibiotic therapy was not considered neces- 
sary. The symptoms disappeared, and the pa- 
tient was discharged on April 22. She was fol- 
lowed in the out-patient department and had 
no further complaints. 

The bronchogram made on August 16, 1966 
disclosed a patent pectoral segmental bronchus 
and saccular bronchiectasis in the right upper 
lobe, especially in the pectoral segment (Fig. 4). 

Bronchial arteriography was performed again 
in the same way on March 2, 1967 (Fig. 5, 4 
and B). No bronchopulmonary shunts could be 
seen. Figure 54 demonstrates a late arterial 
phase during inspiration, and 1s comparable to 
Figure 34. The diameter of the bronchial 
artery is now 3 mm., or Ij mm. smaller. An 
abundant bronchial vascularization is still 
visible in the pathologic area, but there are no 
bronchopulmonary shunts. 


Case 11. A 33 year old woman was admitted 
in October, 1966 because of recurrent coughing 


and vomiting. Just before her admission, ex- 
tensive cylindrical and local saccular bron- 
chiectasis was demonstrated in the basal bron- 
chi of the left lower lobe (Fig. 6). A bronchial 





Fic. 2. Case 1. Occluded pectoral segmental bron- 
chus of the right upper lobe. In a comparison with 
ligure 1B it can be noted that there is less in- 
Rltration and that the atelectasis has disappeared. 
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lic. 3. Case 1. March, 1966: Bronchial arterio rams made during (4) inspiration and (B) expiration. The 
A. ’ 8 
contrast medium can only reach the pulmonary arteries via bronchopulmonary anastomoses during inspira 


tion. 





Fic. 4. Case r. August, 1966: The pectoral seg- 
mental bronchus is again patent. There is saccular 
bronchiectasis in the right upper lobe, especially in 
the pectoral segment. 


arteriogram revealed extensive changes of the 
bronchial vascularization pattern in this region 
(Fig. 7). The left bronchial artery was greatly 
enlarged. The widening was determined by the 
artery vascularizing the pathologic area. Via 
multiple parahilar and peripheral broncho 
pulmonary shunts, virtually the entire pul- 
monary artery of the left lower lobe was filled. 
A retrograde flow of contrast medium to th 
hilus was also demonstrated. 

The bronchogram of the right lung showed 
almost no anomalies (Fig. 8), but the bronchial 
arteriogram of the right side showed marked 
deviations. Figure 9 is a selective arterlogram 
of a right intercostobronchial trunk. The 
bronchial artery is greatly enlarged. The 
bronchial vascularization of the lower lung field 
has increased, and small pulmonary arterie: 
have been filled via very peripherally situated 
bronchopulmonary shunts (small arrows in Fig. 


9). 
It was decided to apply intensive antibiotic 
therapy before resecting the basal segmenta] 


bronchi of the lower lobe. After the operation 


the patient was nearly asymptomatic and was 
followed in the out-patient department. 
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Fic. 5. Case 1. March, 1907: Bronchial arteriograms made in the (4) anteroposterior and (B) lateral projec- 
tions during inspiration. No bronchopulmonary anastomoses can be seen in either view. There is still 
superfluous bronchial vascularization in the pectoral segment. The bronchial artery is much narrower 
than in Figure 3, 4 and B. 


On June 13, a second bronchial arteriography 
was performed. In Figures 10, 4 and B and 
11, 4 and B the results obtained in 1966 and 
1967 are compared. In Figure 10 the right in- 
tercostobronchial trunk is filled again. À com- 
parison of 4 (1967) and B (1966) shows that 
the caliber of the bronchial artery had become 
much smaller. The bronchial vascularization in 
the basal area is appreciably reduced. No 
bronchopulmonary shunts are visible in. the 
1967 study. On the arteriogram of the right 
intercostobronchial trunk, a second right bron- 
chial artery shows filling via bronchobronchial 
anastomoses (arrows in Fig. 9 and 10/4). 

Selective arteriograms were also made of this 
second inferior right bronchial artery. In Fig- 
ure 114 are shown the results obtained 1n 1907, 
and in Figure 11B those in 1966. The bronchial 
vascularization has also diminished in this 
area. In 1966 multiple bronchopulmonary 
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ic. 6. Case Il. Bronchiectasis in the left lower lobe 
bronchi. 
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anastomoses are visible, but in 1967 only one 
is still present (arrows in Fig. 11.4). No changes 
were demonstrated in the remaining part of 
the left lung. 


DISCUSSION 


The histologic investigation applied in 
the past showed onlv one phase in the 
development or regression of broncho- 
pulmonary anastomoses. Now, the roent- 
genologic investigation with contrast me- 
dium makes it possible to follow the develop- 
mental course of these shunts and to ob- 
tain more information concerning their 
Importance. 

To start with the hemodynamic aspects 
of the problem, flow through the anasto- 
moses 1s enhanced during Inspiration, as 
illustrated bv the roentgenograms in Case I 
made during inspiration and expiration. 
This is not difficult to explain. Due to the 
elevated alveolar and interstitial pressure 
during expiration, the caliber of the lung 





MIG, 7. 
very 


Case 11. Bronchial arteriogram. There is a 
wide superior bronchial artery on the left. 
Note the difference in caliber between this artery 
and the 2 small bronchial arteries in the region of 
the left hilus. Mainly via peripheral shunts, the 
contrast medium reaches the pulmonary artery, 
which shows retrograde filling (arrows). 
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Itc. 8. Case 11. The right side shows a virtually nor 
mal bronchogram. 


capillaries, and possibly also of the arte 
rioles of the pulmonary arteries, is reduced. 
The vascular bed shrinks. The peripheral 
resistance increases. The pressure in the 
smaller branches of the pulmonary artery 
rises, and the difference in pressure between 
the bronchial circulation on one side of the 
anastomosis and the pulmonary circulation 
on the other side is reduced or completely 
abolished. During inspiration the pulmo- 
nary vascular bed, as it were, opens again 
and a maximal bronchopulmonary flow 
can be reached. 

These anastomoses also play a role in 
inflammatory processes. With Latarjet,!! 
we are of the opinion that they are secon- 
dary to the inflammatory processes and not, 
as claimed by Delarue eż al., the cause of 
changes, particularly bronchiectasis. 

The caliber and number of anastomoses 
seem to vary according to the severity of 
the inflammation (Case 1). At the occlusion 
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Fic. 9. Case 11. Arteriogram of a right intercosto- 
bronchial trunk. There is a marked increase of the 
bronchial vascularization of the right basal region. 
Via a number of very peripherally located broncho- 
pulmonary shunts, the peripheral collaterals of the 
pulmonary artery are filled (small arrows under 
the dome of the diaphragm). Collateral filling of 
numerous other bronchial arteries, including the 
right inferior bronchial artery is demonstrated 
(large arrows). 


4 


inflammatory phenomena had disappeared, 
the bronchopulmonary anastomoses were 
no longer present. It is clear that this 1m- 
provement was due not to a reduction of 
the anastomoses but to the resorption of 
the infiltrate. 

The presenting symptoms of Case m 
were caused by the severe bronchiectasis of 
the left side. Although the bronchogram of 
the right side was almost normal, there 
of the bronchus, which led to an infected were extensive bronchialarteriographic 
obstruction infiltrate, numerous broncho- changes. Such changes have only been seen 
pulmonary shunts were present. When the in our material in the presence of severe 








Fic. 10. Case 11. Comparative arteriography of the right intercostobronchial trunk in (4) 1967 and (B) 1966. 
The caliber of the bronchial artery has become much smaller (insets), and the bronchial vascularization is 


correspondingly reduced. In 4 the collateral filling of the right inferior bronchial artery can be seen (ar- 


rows). 
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lic. 11. Case 11. Arteriograms of the right inferior bronchial artery made in (/7) 1967 and (B) 1966. Only one 
of the numerous bronchopulmonary anastomoses in the right phrenicocardiac region (B) is filled (arrows). 


inflammatory processes, z.e., actively in- 
flamed bronchiectasis. The extent to which 
these anomalies contributed to the patient’s 
complaints could not be determined be. 
cause of the severe bronchiectasis on the 
left side. After treatment with antibiotics 
and resection of the affected left bronchi, 
the patient reported being relativelv free 
of symptoms, although just before the 
second examination she again had some 
limited complaints. The second arterio- 


gram showed a marked reduction of the 
anomalies. The caliber of the right inferior 
bronchial artery, however, was still too 
large in the posterobasal region.* A broncho- 
pulmonary shunt was seen. It is not ex. 
cluded that the limited complaints of this 
patient were based on a recurrence of the 
infection in the posterobasal segment sup- 
plied by the inferior bronchial artery. 


* The localization was made from the lateral view. 
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This case also illustrates the value of a 
preoperative bronchial arteriogram of the 
bronchographically normal parts of the 
lung in cases of bronchiectasis. These cases 
often show severe anomalies of an inflam- 
matory character that can only be made 
visible by arteriography. The reason for 
the genesis and disappearance of broncho- 
pulmonary anastomoses in inflammatory 
processes remains a matter of speculation. 
An attractive hypothesis has been pre- 
sented by several authors, including Roos- 
enburg and Deenstra,” Liebow,'® and 
Morand et al. According to this hypothe- 
sis, an inflamed part of the lung cannot 
ventilate satisfactorily, and blood of the 
pulmonary arteries cannot be adequately 
oxygenated. To prevent desaturated blood 
from reaching the greater circulation, 
bronchopulmonary shunts open and thus 
permit saturated bronchial blood to flow 
into this part of the lung. In this theory, 
consequently, bronchopulmonary shunts 
form a protective mechanism against de- 
saturation of peripheral blood. 


CONCLUSIONS 


i. Bronchopulmonary anastomoses are 
a secondary development in chronic in- 
flammatory processes, particularly bron- 
chiectasis. They are filled to a greater 
degree during inspiration than during ex- 
piration. 

2. Bronchopulmonary anastomoses can 
disappear after treatment of the inflam- 
matory process. They could, therefore, 


serve as an indicator for the intensity of 
the process. 


SUMMARY 


Bronchopulmonary anastomoses have 
been frequently described in the literature, 
but no data concerning their develop- 
mental course have been reported. Selective 
roentgenography with a contrast medium 
has made it possible to follow these anasto- 
moses in chronic inflammatory processes, 
particularly in bronchiectasis. It has been 
found that such anastomoses can entirely 
disappear. The decrease in the num ber and 
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size of these bronchopulmonary shunts 1s 
accompanied by a decrease in the inflam - 
matory phenomena. Bronchopulmonary 
anastomoses are therefore a measure of 
the severity of the inflammatory process. 


Afdeling Radiologie 
Academisch Ziekenhuis 
Leiden 

The Netherlands 
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ROENTGEN CHEST FINDINGS IN CHILDHOOD 
SICKLE CELL ANEMIA* 


A NEW VERTEBRAL BODY FINDING 


By WEBSTER RIGGS, Jr., M.D,f and JOHN F. ROCKETT, M.D.t 


MEMPHIS, TENNESSEE 


ANY discussions of the roentgen 
changes in sickle cell anemia have 
centered upon observations made in adults 
long after the diagnosis has been estab- 
lished. There is a need to analyze the differ- 
ence between the findings in infants, chil- 
dren and adults. Because the first clinical 
manifestations are often respiratory and 
occur in early childhood,” it is at this 
voung age that the chest roentgenologic 
findings are most important. In our insti- 
tution, the first roentgen study performed 
on these children is usually that of the 
chest, being made in the emergency room 
or outpatient clinic. Even with improved 
treatment today, most patients do not 
survive the third decade;* consequently, 
the diagnostic aspects of sickle cell anemia 
are almost always limited to pediatrics. 
Our purpose is to report the roentgen 
chest findings in proven sickle cell anemia 
(homozygous hemoglobin SS) in infants 
and children and to report a new roentgen 
finding in the spine in early childhood. 


MATERIAL AND METHOD 


From the University of Tennessee-City 
of Memphis Hospitals Sickle Cell Center, 
we reviewed the admission chest roentgeno- 
grams of 98 patients under age 15 years in 
whom the diagnosis of homozygous (hemo- 
globin SS) sickle cell disease had been 
established by clinical and laboratory 
studies including hemoglobin electrophore- 
sis. 

We divided our material, 126 sets of 
posteroanterior and lateral chest roent- 
genograms, into three age groups—those 


obtained in patients under 3 years of age, 
3 years through 6 years, and 7 years 
through 12 years. There were 42 cases in 
each age group. As most of the patients had 
serial studies, and 28 of them appeared in 
more than one age group, there were 98 
patients and 126 cases (126 sets of roent- 
genograms). 

Patients with sickle cell trait (hemoglo- 
bin AS), hemoglobin SC disease, and sickle 
cel-.thalassemia were not included in the 
study. 


RESULTS 
(Table I) 


I. COARSE OSSEOUS TRABECULATIONS AND 
DEMINERALIZATION 

This finding (Fig. 1) was very dependent 
on roentgenographic technique and hence 
most difficult to evaluate. In general, the 
incidence of this finding increased as age 
progressed, being twice as common in the 
older children as in the infant group. 
Osseous trabecular prominence could be 
appreciated best in the posterior ribs, the 
acromion processes, and the vertebral 
bodies. Bone marrow hyperplasia was oc- 
casionally reflected in the sternum, which 
appeared demineralized and thickened. 

Two cases showed osteolytic defects from 
widespread Salmonella osteomyelitis. 5:157" 
No case demonstrated the diffuse osteo- 
sclerosis which is sometimes seen in adults,” 
and aseptic necrosis of the humeral head* 
was not encountered. 


2. VERTEBRAL BODY END-PLATE DEFORMITY 


Commonly called biconcave or “fish” 
vertebra (Fig. 2, 4—D) this finding has been 


* Presented at the Eleventh Annual Meeting of the Society for Pediatric Radiology, New Orleans, Louisiana, September 30, 1968. 
From the Department of Radiology, University of Tennessee College of Medicine and City of Memphis Hospitals, Memphis, Ten- 


nessee. 


+ Associate Professor of Radiology and Director of Pediatric Radiology, University of Tennessee. 


t Senior Radiology Resident, University of Tennessee. 
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TABLE I 
CHEST ROENTGEN FINDINGS IN 3 AGE GROUPS OF 42 CASES EACH 
l Ani 6 nia through 3 yr. through 7 vr. through Total Bero 
2 yn 6 yr. I2 yr. 

No. of Cases l 42 l 42 42 l 126 
Coarse Osseous Trabeculations l mM MEM l 

and Demineralization 13 21 27 ^1 48 
Vonka End-plate Deformity o 

("Fish" Vertebra) 2 6 15 23 18 
Splenomegaly " i 13 i l 3B i 40 32 
Hepatomegaly . * l 14 l IO 31 26 
Cardiomegaly . 26 30 7 35 97 77 
Pneumonia 20 17 mE 16 i ; i 43 
Pleural Reaction 2 5 9 17 | [3 
Hilar pases i 16 o 28 o 69 l 55 
extensively studied by Reynolds? and incidence of splenomegaly decreased 


others.’ It has been attributed to ischemia 
of the mid portion of the growing end- 
plate. In our cases, this finding appeared 
first in the lower thoracic region, and its 
incidence increased with age. It was pres- 
ent in only 2 of the 42 infants (the younger 
was 17 months of age), in 6 of the 42 
children aged 3 years through 6 years, but 
in 15 of the 42 children aged 7 years through 
12 years. In adults, the incidence of “fish 
vertebra" is about £o per cent. 


3. SPLENOMEGALY 


We observed roentgen evidence of 
splenomegaly in 32 per cent of our total 
group, which is an incidence similar to the 
clinical findings of Watson ef al." who 
found a palpable spleen in 33 per cent of 
patients under the age of 10 years. The 





2»5- 


lic. 1. A 4 year old Negro male with sickle cell 
anemia showing generalized cardiomegaly, hilar 
congestion, demineralization of thoracic cage, and 
slight splenomegaly. 


slightly with advancing age, a finding that 
agrees with the clinically observed ten. 








lic. 2. (4-D) Four different children at different ages showing vertebral body end-plate deformity (“fish 
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vertebra"). 4—2 years. B—6 years. C—8 years. D—10 years of age. 


dency for the spleen to shrink with in- 
creasing fibrosis from repeated infarction.” 
Splenic calcification was not seen.” 


4. HEPATOM EGALY 


This was noted in 25 per cent of our total 
cases, with no demonstrable tendency to 
increase or decrease with age. Our roentgen 
findings agree with those previously re- 
ported in a mixed group of adults and 
children? 


5. CARDIOMEGALY 


Of our total cases, 77 per cent demon- 
strated cardiomegaly with generalized en- 
largement being three times more common 
than left ventricular predominance. Of 
those showing cardiomegaly, 43 per cent 
showed slight enlargement, 45 per cent 
showed moderate, and 12 per cent showed 
marked enlargement. Our findings parallel 
those previously reported in adults.’ 


6. PNEUMONIA 


This was most frequent in the infant age 
sroup, being present in 20 of the 42 cases. 
The bases were the most common location. 
In our total series 42 per cent showed 
pneumonia, which coincides with similar 


figures reported in adults." The areas of 
‘nfiltrate conformed to the bronchopul- 
monary segments fairly well and cleared 
without pleural scarring. It 1s our opinion 
that infarction in these areas is minimal, 
particularly in the younger children. The 
higher incidence of pleural reaction found 
with older children could reflect an increas- 
ing infarction component. 


7. HILAR CONGESTION 


We feel that this is the best term to de- 
scribe the increased pulmonary vascularity 
and hazy character of the hilar regions. 
Hilar congestion was present in about half 
the total group and showed no significant 
difference in age incidence. 


ANTERIOR VERTEBRAL VASCULAR NOTCHES 


The normal indentations seen midway 
along the anterior border of vertebral 
bodies in the lateral chest roentgenogram 
represent vascular foramina (Fig. 3, 7 and 
B). There is no unanimous opinion regard- 
ing the causation of these notches. Wagoner 
and Pendergrass” determined in anatomic 
specimens that the notches are due to 
sinusoidal venous reservoirs within the 
spongiosa of the vertebral body. Some 
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l'1G. 3. (4) Posteroanterior and (B) lateral roentgenograms of a normal newborn showing normal vascular 
notches on the anterior and posterior aspects of vertebral bodies. 


authors?:!? have considered them to be 
residua of the intersegmental artery, and 
others have referred to them as "vascular 
channels" or “anterolateral vessels.”21 
These vascular notches are easlly seen in 
both posteroanterior and lateral roentgeno- 
grams in the normal infant but become less 
prominent as the child grows, being faintly 
seen (if at all) after age 2 years.!? Small slit- 
like residua of these normal notches can, 
however, be seen occasionally throughout 
childhood, particularly in the lateral roent- 
genogram of the lower thoracic spine. 
When we first reviewed our material, we 
noticed that in some instances these notches 
were unusually prominent (Fig. 4, ,7—F), 
which led us to establish the limits of nor- 
mal. It was not until we had reviewed the 
notches of 650 control non-sickle Negro 
children that we were able to tell at what 
age and to what degree the sickle cell 
cases departed from the normal. Our con. 


trol cases consisted of Negro children with 
no clinical indication of sickle cell disease 
and no cardiomegaly. The rationale for this 
effort was based upon the knowledge that 
osseous nutrient foramina are prominent in 
sickle cell disease. We have noticed that 
the nutrient foramina are particularly 
prominent in the proximal tibiae. 
Prominence of the anterior vertebral 
notches was evaluated in each of our three 
age groups. The notches were appraised 
as being not seen, minimally seen, or well 
seen. In general, if we could see the notches 
on more than two vertebral bodies, we con- 
sidered them to be well seen. Lateral 
roentgenograms on all technically accept- 
able chest examinations were reviewed 
in both the 126 cases in Negro children 
with sickle cell anemia and in the 650 con- 
trol Negro children. From Table rm it is 
evident that in all three age groups the 
notches were significantly more prominent 


FIG. 4. 






Webster Riggs, Jr. and John F. Rockett DECEMBER, 1968 


D 


| anemia showing prominence of anterior vascular notches 


(4-F) Six different children with sickle cel 
—4 years. D—6 years. E—9 years. F—12 years of age. 


of vertebral bodies. 4—2 years. B—3 years. C 
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TABLE II 


PROMINENCE OF ANTERIOR VERTEBRAL VASCULAR NOTCH 
ON LATERAL CHEST ROENTGENOGRAM 








Comparing Negro Children with and without Sickle Cell Anemia 








Age No. of Cases 








200 non-sickle cell 
42 sickle cell 


6 mo. through 2 yr. 


3 yr. through 6 yr. 300 non-sickle cell 


42 sickle cell 





7 yr. through 12 vr. 150 non-sickle cell 


42 sickle cell 


ee 


Total 650 non-sickle cell 


126 sickle cell 








Mx 





in the sickle cell cases. This was of particu- 
lar diagnostic significance in the middle 
age group (3 vears through 6 vears) where 
46 per cent of the sickle cell cases had well 
visualized notches as compared to 8 per 
cent of the nonsickle cell cases. 


DISCUSSION 


Prominence of osseous vascular foramina 
is probably due to several causes. Sludging 
of sickled red blood cells causes venous ob. 
struction and engorgement which could 
lead to enlargement of the foramina. Along 
with the general debility of the patients, 
a retarded bone maturation might also 
contribute to the persistence of these 
infantile vertebral structures. 

Visualization of the anterior vertebral 
notches is dependent upon roentgeno- 
graphic technique, especially in infants and 
in sickle cell cases with hilar congestion and 
basal pneumonia. Well penetrated lateral 
roentgenograms of the thoracic spine should 
be obtained on suspected sickle cell cases. 

Further study of the anterior vascular 
notches of the vertebral bodies will prob- 
ably disclose that these structures are 
prominent in other diseases, particularly 
other hematologic disorders. We, as 
others,?? have observed large, persistent 
notches in osteopetrosis (Fig. 5, Z and B). 

The cases with prominent notches had 





Minimally Seen 























Not Seen Well Seen 
(Per Cent) (Per Cent) (Per Cent) 
42 32 25 
IJ 39 5o 
68 23 8 
2 3d 46 
SO 15 5 
56 16 28 
5 25 16 
3l 29 40 





no tendency to have a greater or lesser 
incidence of vertebral end-plate deformity. 
We also found no significant correlation 
between the presence of the notches and the 
degree of demineralization of the spine. 
We have noticed no tendency for children 
with congenital heart disease to have prom- 
inent notches. 


SUMMARY 


One hundred and twenty-six sets of 
posteroanterior and lateral chest roen tgeno- 
grams were reviewed on 98 Negro infants 
and children with proven hemoglobin SS 
sickle cell anemia, and the findings were 
tabulated in reference to 3 age groups of 
equal number. 

With advancing age there was an in- 
crease in the percentage of cases showing 
coarsening of bone architecture, vertebral 
body end-plate deformity (fish vertebra), 
and pleural reaction. The incidence of 
splenomegaly decreased slightly. No age 
difference was evident in the incidence of 
hepatomegaly, cardiomegaly, pneumonia 
and hilar congestion. 

The vascular notch seen normally on the 
anterior aspect of the lower thoracic verte- 
bral bodies was often larger, persisted 
longer, and was more readily seen on the 
lateral chest roentgenogram in children 
with sickle cell anemia than in other Negro 
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iic. 5. (4 and B) Two diferent cases of osteopetrosis showing prominence of anterior vascular notches. 4—5 
years. B—4 years of age. 


children. The prominence of this notch 
was most noticeable in the age range from 
3 years through 6 years, when it was of 
most diagnostic importance. 

We hope that radiologists may be able 
to make an earlier diagnostic contribution 
by strongly suspecting sickle cell anemia 
in a Negro child with prominent anterior 
vertebral notches and cardiomegaly. 
Webster Riggs, Jr., M.D. 

Department of Radiology 
University of Tennessee 


865 Jefferson Avenue 
Memphis, Tennessee 38103 
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PERCUTANEOUS PULMONARY NEEDLE BIOPSY* 


AN IMPROVED NEEDLE FOR A SIMPLE DIRECT 
METHOD OF DIAGNOSIS 


By A. FRANKLIN TURNER, M.D., and E. NICHOLAS SARGENT, M.D. 


LOS ANGELES, CALIFORNIA 


T use of percutaneous pulmonary 
needle biopsy to establish a rapid his- 
tologic diagnosis of lung lesions is not a new 
procedure. In 1886, Ménétrier? diagnosed a 
pulmonary carcinoma by aspiration of tis- 
sue through a transthoracically inserted 
cannula. During the past decade, percu- 
taneous needle biopsy of localized pulmo- 
nary lesions has gained recognition and ac- 
ceptance as a useful diagnostic pro- 
cedure. 1 The purpose of this paper is to 
describe a newly designed needle* with im- 
proved coring ability, which results in opti- 
mum tissue samples for an accurate patho- 
logic diagnosis. 

Objections to previous needles have in- 
cluded inadequate length, inadequate sam- 
ples due to poor coring ability, and inade- 
quate flexibility. Ordinary spinal needles 
with the usual bevel were found to have 
poor coring ability. Needles designed with 
a straight distal end, rather than a bevel, 
were also found to be unsatisfactory in ob- 
taining specimens and also tended to cause 
larger openings in the pleura with resultant 
larger pneumothoraces. 

The present needle (Fig. 1) was designed 
to be sharpened circumferentially about a 
45? angle bevel. This tip, when rotated in 
conjunction with negative pressure applied 
with an attached syringe, obtains an excel- 
lent core of tissue, with a minimum of as- 
sociated tissue trauma or bleeding. Its 
length of 8 inches (20 cm.) makes it pos- 
sible to reach any desired depth within the 
thoracic cavity. 

The needles are thin-walled and are 
available in 16 and 18 gauge sizes. The 16 


* Cook, Incorporated, Bloomington, Indiana 47401. 


8 inch thin walled needle 


hd obturator 











- Tun 


Fic. 1. Percutaneous pulmonary biopsy 
needle with removable solid obturator. 


gauge needle has an outside diameter of 
1.65 mm. and an inside diameter of 1.27 
mm. The 18 gauge needle has an outside 
diameter of 1.27 mm. with an inside diam- 
eter of 0.965 mm. Needles with an external 
diameter greater than these measurements 
do not seem to increase the chances of ob- 
taining additional material because of the 
greater admixture of blood frequently ob- 
tained with such large sized needles. In ad- 
dition, the smaller the needle size, the less 
traumatic is the effect on the pulmonary 
tissues and pleura, thereby decreasing the 
possibility of air leakage through the lung 
into the pleural space. For small nodules, it 
is preferable to employ an 18 gauge needle, 
as larger needles tend to push the small 
nodules to one side rather than permit di- 
rect penetration. The thickness of the 
needle wall is such that a limited amount of 
flexibility is possible and the needle can be 
guided with some degree of bending when 
necessary. This makes it unnecessary, in 
the majority of cases, to remove the needle 
when redirection is required. The needle 1s 
still sufficiently rigid, however, to permit 
accurate direct guidance toward a lesion. 


* From the Department of Radiology, Los Angeles County-University of Southern California Medical Center, Los Angeles, Cali- 


fornia. 


Supported in part by Grant R-66-9, James Picker Foundation, National Academy of Sciences. 
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DESCRIPTION OF TECHNIQUE 


Chest roentgenograms, obtained in the 
posteroanterior, lateral and both oblique 
positions, are reviewed to localize the lesion 
in relation to the ribs. This preliminary 
study with measurements, and allowances 
for magnification, permits a fairly accurate 
estimation of the location of the lesion. 
Fifty milligrams of demerol is usually given 
intramuscularly one-half hour prior to the 
procedure. 

The patient lies on the fluoroscopic table 
with the appropriate side of the thoracic 
cage closest to the radiologist. The patient 
is placed in a supine position for the ante- 
rior approach, and a prone position for a 
posterior approach to the lesion. The lesion 
is localized under fluoroscopic control, using 
the tip of a hemostat or metallic marker. 
This is placed in contact with the skin, di- 
rectly over the lesion during normal respir- 
ation to indicate the appropriate needle en- 
try site. After fluoroscopic confirmation for 
accurate placement, the marker or tip of 
the hemostat is pressed into the skin so 
that an imprint remains when it is re- 
moved. 

The skin is cleansed with a germicidal 
solution, such as tincture of quaternary 
ammonium antiseptic I-500. Two per cent 
Lidocaine HCl is used for block anesthesia 
and the tissues are infiltrated down to and 
including the pleura at the appropriate in- 
terspace. A small 2 mm. skin stab incision 
is made with a No. 11 scalpel blade to facili- 
tate advancing the needle through the chest 
wall. Variations in lung consistency are 
easily transmitted to the palpating fingers 
without interference from the surrounding 
skin. 

The biopsy needle and its contained sty- 
let are then inserted directly through the 
chest wall, the visceral and the parietal 
pleura, and advanced directly to the edge of 
the lesion under fluoroscopic control. The 
patient is allowed to breathe normally, as 
nothing is gained by urging the patient to 
hold his breath. The increased respiratory 
movements, following a voluntary apnea, 
are not desirable, and, in practice, no dis- 
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FıG. 2. Syringe attached to needle, apply- 
ing suction while “coring” the lesion. 


advantages have been observed when the 
patient breathes normally throughout the 
entire examination. When the biopsy needle 
reaches the pulmonary lesion, an increased 
resistance is often felt. 

With small well-circumscribed lesions, 
one may find that they may slide to one 
side when the needle reaches their surface. 
If the needle is driven into the lesion with a 
slight forward jerk, the very small lesion 
can usually be readily transfixed. By mak- 
ing small, rapid movements with the needle, 
it then can be readily seen fluoroscopically 
whether or not the needle point has entered 
the lesion, since the lesion will be displaced 
by these movements. 

When the needle point has been placed 
at the desired edge of the lesion or immedi- 
ately within the lesion, fluoroscopy is dis- 
continued and suction is created by with- 
drawing the plunger of the svringe with the 
right hand, while the barrel of the syringe 
Is rotated and advanced with the left hand 
(Fig. 2). The simultaneous advancement 
and rotation movements cut a sharp core 
from the lesion. After several rotations, and 
after a sufficient depth is reached, suction 
Is maintained, and the needle is quickly 
withdrawn. The patient is then asked to 
hold his breath while the skin and sub- 
cutaneous tissues are gently massaged over 
the needle opening to avoid air entering the 
pleural space. A sterile band-aid is applied 
over the needle puncture site. 

The cell material in the needle is ex- 
pressed on glass slides to make direct 
smears which are fixed in 80 per cent alco- 








Fic. 3. (4) Solid nodular lesion in right lung. Cavi- 
tating nodular lesion in left lung which was biop- 
sied. (B) Pathologic specimen obtained (squa- 
mous cell carcinoma, metastatic from cervix). 


hol. The accuracy of cytologic aspects of 
pulmonary aspiration. biopsy depends on 
adequate amounts of material. The stylet 1s 
then inserted into the needle and the re- 
maining tissue expressed directly into a Jar 
containing an 80 per cent alcohol solution. 
The syringe is rinsed with the 80 per cent 
alcohol solution to collect any tissue par- 
ticles that may have been sucked into the 
syringe. It is important to take great care in 
transferring the tissues from the syringe to 
the slide in order to avoid cellular destruc- 
tion and degeneration. It is also 1mportant 
to keep the needles sharp, using a hard oil- 
stone and a carborundum crocus cloth, and 
to avoid damage to the cutting surface 
when cleaning. 

The patient is then fluoroscoped in the 
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recumbent and erect positions to check for 
evidence of pneumothorax. If no evidence 
of significant pneumothorax is found on 
fluoroscopic examination, the patient is per- 
mitted to be moved and a posteroanterior 
erect expiration “‘base line" roentgenogram 
is taken. The symptoms of a pneumothorax 
are explained to the patient. Clinical obser- 
vation is carried out for 24 hours and a rou- 
tine roentgenogram is obtained at the end 
of this period if no intervening complica- 
tions have taken place. 

All smears are stained by the Papanico- 
laou method. Tissue fragments are embed- 
ded in 3 per cent bacterial agar, and are 
submitted for routine paraffin embedding, 
sectioning, and hematoxylin and eosin 
staining. If sufficient material remains in the 
preservative alcohol, it is centrifuged and 
the centrifugate prepared in the same man- 
ner as the tissue fragments. If, however, 
the preservative alcohol is clear, it is filtered 
through a millipore filter and stained with 
Papanicolaou stains. 

If a second specimen is desired, the entire 
procedure can be repeated immediately, 
or if an inadequate specimen has been ob- 
tained, a second or even a third procedure 
can be repeated at any time. 

The present needle obtains adequate and 
sufficiently large cores of tissue for accurate 
pathologic review. Two examples in which 
the diagnosis was quickly and easily ob- 
tained with relatively little discomfort to 
the patient are as follows: 

Figure 3/7 is a chest roentgenogram of a 
32 year old relatively asymptomatic female 
who had been treated for a carcinoma of the 
cervix approximately 2 years previously. 
The routine chest roentgenogram showed a 
2.5 cm. rounded infiltrate in the right lung 
and a 2 cm. cavitating nodular lesion in the 
left lung. Planigrams showed no calcifica- 
tion. Percutaneous pulmonary needle 
biopsy of the left mid lung lesion provided 
an adequate specimen (Fig. 38) for the 
pathologist to easily make the diagnosis of 
squamous cell carcinoma, metastatic from 
the previously treated carcinoma of the 
cervix. 

Figure 4/7 is a chest roentgenogram of a 
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5o year old female in whom a clinical work. 
up for suspected tuberculosis was noncon- 
clusive. All laboratory tests, including 
sputum cytology, were normal. The tuber- 
culin test was positive. The roentgenogram 
showed bilateral perihilar infiltrates with 
large confluent lesions in the upper lobes. 
A noncalcified cavitating lesion in the left 
infraclavicular region measuring approxi- 
mately 3 cm. in diameter was subjected to 
percutaneous pulmonary needle biopsy. 
An adequate specimen (Fig. 4B) was ob- 
tained for the pathologist to easily make a 
diagnosis of papillary adenocarcinoma of 
terminal bronchiolar origin. 
Contraindications to needle biopsy are 
few. Needle biopsy is inadvisable for un- 





lic. 4. (4) Bilateral pulmonary infiltrates with 
confluent large nodular lesions in upper lobe. 
Cavitating lesion in left upper lobe which was 
biopsied. (B) Pathologic specimen obtained (papil- 
lary adenocarcinoma, bronchiolar in origin). 
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cooperative patients (although this could 
be overcome by anesthesia), in the presence 
of blood dyscrasias with hemorrhagic 
diasthesis, suspected arteriovenous mal. 
formations, in severe pulmonary hyperten- 
sion, and for patients who refuse definitive 
therapy, regardless of the biopsy results. 
The risk of implants of malignant cells 
along the needle tract is negligible.!? The 
absence of pain while performing the pro- 
cedure with the present needle is impres- 
sive. Most patients will not refuse rebiopsy 
when necessary, in view of the lack of dis- 
comfort associated with an earlier biopsy. 


SUMMARY 


Percutaneous needle aspiration biopsy 
is particularly advantageous in the diagno- 
sis of metastatic pulmonary lesions, inop- 
erable primary carcinomas, and broncho. 
genic carcinomas in poor risk patients. 
The information is useful when planning 
preoperative radiation therapy. Definitive 
diagnoses can be made which may often 
negate the use of an exploratory thoracot. 
omy. A pathologic diagnosis can often be 
established when other methods, short of 
exploratory thoracotomy, have failed to 
prove a diagnosis. 

The newly designed percutaneous pul- 
monary biopsy needle has the advantage of 
adequate length, and a short beveled cir. 
cumferentially sharpened edge, which re- 
sult in excellent cores of tissue and a mini- 
mum of trauma to the pleura and the pul- 
monary tissue. The cores of tissue are more 
representative specimens for pathologic 
review than those previously obtained with 
other types of needles. 


E. Nicholas Sargent, M.D. 

Department of Radiology 

Los Angeles County 

University of Southern California 
Medical Center 

1200 North State Street 

Los Angeles, California 90035 
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THE VARIABLE FATE OF OILY CONTRAST MEDIA 
AFTER LYMPHOGRAPHY COMPARED WITH 
RESIDUES IN OTHER SITES* 


By G. B. ELLIOTT, M.B., B.S, M.R.CS., L.R.C.P., F.C. Para.. 


M.B., B.S., M.R.C.S 


and K. A. ELLIOTT, 
L.R.C.P., D.M.R.D. 


VANCOUVER, BRITISH COLUMBIA, CANADA 


ILY contrast media cannot be flushed 
satisfactorily by saline from inguinal 
or para-aortic lymph nodes after lymphan- 
giography.? It has also been noted that 
lipolytic splitting of the bound iodine does 
not take place, as reflected by persistence of 
radiopacity in the lymph nodes. In this 
observable state they remain considerably 
enlarged, changing little for about 9 
months when radiographic resolution be- 
gins.!729 Viewed microscopically, the oily 
contrast medium appears to become very 
rapidly cocooned by a form of giant cell 
reaction, which will be discussed later. 
By contrast, that part of the contrast 
medium which flows on and reaches the 
lungs has a considerably different radio- 
graphic fate. The purpose of this paper is to 
compare the radiologic pathology of these 
mechanisms, and to indicate improvements 
which might be sought in lymphangio- 
graphic contrast media. 


MATERIAL AND MICROSCOPIC APPEARANCES 


The tissues studied were from Inguinal 
lymph nodes excised on 12 occasions from 
patients following Iymphangiography. 
Fight patients had had melanoma of the 
leg, 2 patients had carcinoma of the cervix, 
one had transitional cell carcinoma of the 
bladder, and another had seminoma of the 
testis. The interval between lymphangiog- 
raphy and the subsequent excision of the 
lymph nodes ranged from 84 months to 8 
hours. Even after the shorter interval, 
eosinophilic reaction was very well ad- 
vanced. No lymph node tissue was available 
from this series to study reaction for 
shorter intervals. 


The time sequence of microscopic 
changes is summarized in Table r. Figures 
I to 7 compare the persistences and reac. 
tions to oily contrast media in other tissue 
sites. 

The microscopic appearance of blockaded 
lymph nodes and their prolonged radio- 
pacity strongly suggests that the multi. 
nucleated giant cell reaction, presumed to 
be "phagocytic," is in fact protective. 

Ravel" in a very careful study of such 
Iymph nodes did not find any wavy border 
occurring at the margins of the included 
oil droplets to suggest partial resorption 
until a minimum of 8 months after lymph- 
angiography. We would think it highly 
unlikely that oil droplets could be truly 
phagocytosed, that is, incorporated inside 
cells with oil-water interfaces, and remain 
unaltered for such a number of months. 

There is a type of encirclement of foreign 
material which does maintain an intact 
membrane around engulfed substances. It 
Is easiest to visualize this in geometric 
form as the cell membranes of a syncytium 
forming an enclosing “C. This forms an 
almost complete sphere outlined on both 
inner and outer surfaces by cell mem brane, 
and tends to isolate the material from bio. 
chemical activity. Such a response has been 
shown by Dunn? to occur, for example, in 
reaction to barium containing contrast 
media. 

This response is also very similar to the 
pattern of cell reaction which forms around 
encysted gas in cystic pneumatosis.!! [t was 
this particular suggestion of a lining by a 
syncytium which led to earlier suppositions 
that such spaces were enormously *'dilated 
lymphatics.” As it can hardly be thought to 
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PERSISTENCE CHARACTERISTICS OF OILY CONTRAST MEDIA IN TISSUES 











nooo 


Oily | 
Contrast 
Medium 


Cellular Reaction 
in 
Tissues 





Lymphangiography 
1. In lymph nodes 


2. Reaching lungs 


—— ——————————— 


Myelography 





Ethiodan 


Ethiodol 








Days 1-7: Eosinophils and poly- 
morph infiltrates 
Day 1: Appearance of foam cell 
syncytium 
Day 4 to 8 months: Marked syn- 
cytial giant cell reaction en- 
cases oil and bloats lymphat- 
ICs 
Month 9: Giant cell reaction dis- 
appears. Inert oil pools now 
remain bare, with few giant 
cells up to 3o months 


Day 3: Histiocytic reaction to 
oil in lungs is reported 


C — nM —á— —— 


Early tissue reaction is uncer- 
tain. Arachnoiditis 1s rare 





ae 


Bronchography Dionosil | None in health 


Foam cell granulomata may 
form in centrilobular emphyse- 
ma, and persist beneath mucosal 
erosions of bronchi. Christo- 


foridis “wall sign" 








Lipiodol Submucosal foam cell granulo- 


Salpingography 








3 years 





mata may form and persist up to 








Persistence 
of 


Radiopacity 


Special Features 








Persistent 
static 
radiopacity 


— fades from above down 
after 8th month, as giant 
cell reaction disappears 


Seems to disappear sud- 
denly after 8 minutes. In 
20-55 per cent of cases, 
fine granular stippling 
persists up to I month 





Contrast medium flowing 
along line of nerve roots 
persists unchanged in 
opacity and position for 


Lymph nodes remain enlarged 
for months 

Lymphaticovenous shunts are 
distended by oil and cell meshes 


Resolution is complete without 
scarring 


Lipolysis is rapid from the out- 
set with: (a) Ioduria for 8 days; 
and (b) iodosputosis up to 6 
weeks 

Believed to resolve completely 





No evidence of lipolysis 


up to IO years 


Nil in health 








In health resolution is com- 
plete 
Persists for variable | Slight necrosis and scarring oc 
periods curs in experimental animals 


Lipolysis is usually pro- 
gressive 





Resolution is slower but com- 
plete 











be phagocytic for gas, it Is presumably a 
cell interposition or interface reaction. 


PERSISTENCE OF REACTION TO LYMPH- 
ANGIOGRAPHIC MEDIA IN 
LYMPH NODES 


It is repeatedly asserted that viscosity of 
oily radiographic contrast media causes the 
blockade and retention in para-aortic 
lymph nodes after lymphangiography. We 
believe that this is very unlikely, and, as 
shown in Figures 1 to 7, that the blockade 
is in fact due to a very rapid sealing of the 
droplets by cocooning cellular reaction. 
This arises among the cells of lymph node 
sinuses. The speed of such cocooning will 
be considered subsequently. 

There is no doubt that a marked block- 


I, 








ade of physiologic lymphatic flows does 
occur for the following reasons: 


The nodal lymphatics remain grossly 
distended, with distortions of normal 
architecture by extruded contrast 
medium, for more than 9 months after 
lymphangiography. The microscopic 
syncytial cell reactions continue un- 
changed over that period of time." 
Perinodal lymphaticovenous channels 
become accentuated by bloating due 
to masses of syncytium cell-encased 
radiographic contrast medium. Bron 
et al. and Lemmon et a/.,4 suggested 
that such "opened" shunts were evi- 
dence of marked obstruction. In our 
view, the large cell-enmeshed masses 
of media make it unlikely that a 





hic. 1. Inguinal lymph node 2 days after lymph- "16. 4. Inguinal lymph node 2 days after lymph- 


angiography. A large oil droplet (arrow) cocooned angiography, , The peripheral lymphatics meS 
in a thick mantle of histiocytes lies in a distended enormously distended and plugged by globules ot 
capsular lymphatic. To the left the lymph node contrast medium in histiocyte cocoons (arrows). 
is "honeycombed" with oil droplet spaces, but Cellular reaction in the lymph node is not vet so 
there is far less cell reaction. marked. 


shunting flow can take place through 
them. This distention would appear to 
be a relatively persistent feature. 
In confirmation, we have frequently 
observed a similar lesion in perinodal 
venules (Fig. $): 

3. Serial radiologic studies have shown 
the pattern of vascular clearing of the 
opacified para-aortic lymph node 
chains to be from above downward, 
according to Lemmon eż al! This 
implies that there is no flow through 





Fic. 2. High power view of Figure 1 showing the the chain, or else it would all clear at 


dense histiocytic cocoon around several oil drop- much the same rate, and from below. 
lets in a distended peripheral nodal lymphatic. 


à * 
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Fic. §. Inguinal lymph node 2 days after lymph- 


lic. 3. Inguinal lymph node at 2 days after lymph- angiography. A lymphatico-venous shunt with a 
angiography. Syncytial foam cells are forming plain muscle wall (arrow) is distended by an 
around oil droplets. Eosinophil reaction is still elongated dense cell mesh enclosing small oil 


marked. droplets. 





Vic. 6. External iliac lymph node 12 days after 
lymphangiography shows marked cell reaction. 
Oil pool spaces are hemmed around bv syncytial 
giant cells. Apparent intercytoplasmic clefts are 
seen around the larger oil pools. 


At 8 months the multinucleated giant 
cell reaction has largely disappeared. Sur- 
prisingly, the oil pools persist in reduced 
quantity, but now in an apparently inert 
fashion. It is at this time that the radio- 
pacity also begins to diminish noticeably. 
There is an obvious need to investigate the 
serial tissue reactions to vehicles of complex 
contrast media. 

Persistent opacification of the cisterna 
chyli, or of the thoracic duct does not seem 
to be reported after lvmphangiography ; 
yet, these structures are seen transiently 
in about one-third of instances (Fig. 8 and 
9). It is usually considered that there is 
sufficient lymph flow in these large struc- 





A~ 
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Fic. 7. External iliac lymph node 12 days after 
lymphangiography. The smaller oil pool is enclosed 
in a syncytium without a break in cytoplasmic 


continuity. 
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Fic. 8. Cisterna chyli visualized transiently over 
the right side of T 12 and L 1 during lymphangiog- 
raphy. It is smooth walled and contrasts with 
the beaded distorted lymphatic to the left of L 3. 


tures to keep them clear in the initial 
phases. Another possibility is that they 
convey emulsifying enzymes having a 





Fic. 9. The thoracic duct is visualized transiently 
during lymphangiography, behind the ascending 
aorta and at its termination. 
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protective effect. It should be recalled in 
this regard that some tissues have a very 
marked lipolytic capability. For example, 
digestion of lipiodol has been used as an 
ingenious test? for intestinal fat splitting 
by measuring the subsequent detached 
iodine output in the urine, 


SPEED OF SECLUSION OF OILY CONTRAST 
MEDIA IN LYMPH NODES 


Immediately after lvmphangiographic 
contrast media have been introduced and 
roentgenograms taken, flushing through 
has been found difficult in practice. It was 
this short interval which led to supposition 
that the contrast medium adheres by 
viscosity alone. In our series the shortest 
interval between lymphangiography and 
subsequent lymph node excision was 8 
hours. At this time a giant cell reaction was 
already detectable. 

This response is very similar to a cellular 
reaction seen in cystic duct lymph nodes 
removed within minutes after an operative 
cholangiography performed, for example, 
with watery hypaque. However, this rela- 
tionship is not one of cause and effect. It is 
found in a wide variety of conditions, and 
also in lymph nodes from apparently 
healthy persons. We have seen it also in 
gastric lymph nodes removed at operation 
In a variety of conditions when oily con- 
trast medium has not been used. It is some- 
times ascribed to displacement of tissue fat 
lobules by clamping. However, not all 
patients showing such tissue reactions in 
lymph nodes have had operations and the 
causes remain uncertain, 

In summary, it has only a coincidental 
relationship to cholangiography. As such, 
it is one pitfall for the unwary in estimating 
speed of tissue reactions to contrast media. 
This peculiar reaction is seldom studied, 
although Aponte! in his excellent investiga- 
tion did encounter giant cell reaction. We 
found fusion giant cells on several oc- 
casions which were indistinguishable from 
those illustrated in Figure kA 

Dunn? has shown experimentally that 
similar cellular reactions to particulate 
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barium-containing contrast medium is first 
detectable in about 5 minutes. For these 
reasons, the speed with which tissue cells 
react to contrast media has importance and 
must be considered as a factor in planning 
desirable characteristics of such contrast 
media during development. 


FINAL FATE OF OILY CONTRAST MEDIA 


Meticulous studies of residua of broncho- 
graphic contrast media in humans, and in 
animals, have been made by Dunbar ani 
co-workers. The corresponding informa- 
tion for residues of lymphangiographic 
media is less well documented. The consen. 
sus of opinion, represented by H allgrimsson 
and Clouse,? is that complete resolution 
occurs in lymph nodes and lungs. We have 
not seen necrosis or fibroblastic scarring in 
any of the 12 sets of lymph nodes of our 
series. Oehlert and associates! are the onlv 
authors, of whom we are aware, who refer 
briefly to any resemblance of residual 
scarring in lymph nodes after Ivmphangiog- 
raphy. According to Pattillo eż 2/5 it does 
occur in animals. 

Lipiodol foam cell salpingitis seems to 
resolve slowly but completely after sal- 
pingography.!^!5 From the very low inci- 
dence of arachnoiditis after myelography, 
a common radiologic procedure, formation 
of scar tissue around residues would seem 
to be exceptional in that site. 


FATE OF LYMPHANGIOGRAPHIC CONTRAST 
MEDIUM IN THE LUNGS 


Oily contrast medium, which overflows 
and reaches the lungs during Iymphangiog- 
raphy or salpingography, seems to disap- 
pear suddenly on radiography, after re. 
maining visible for only some 6 to 8 min. 
utes.? This occurs also experimentally in 
animals where such media are injected 
intravenously.” We believe that this rapid 
“disappearance” from the lungs is illusory. 
It is probably due to dispersion into droplet 
sizes too small for resolution by conven- 
tional radiography. 

Additional evidence has been advanced 
to show that the oily contrast media re- 
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main longer. Microscopically, Clouse c 
415 were able to show that ethiodol droplets 
persisted in the pulmonary capillaries of 4 
patients who had died up to 33 days after 
incidental lymphography. Endothelial and 
histiocytic proliferations had occurred in 
the lungs of all except one, who died on the 
third day. 

However, biochemical disintegration 1s 
continuous and seems to be unimpeded, 
contrasting with the mechanism in lymph 
nodes. For example, Walther,” working 
with rabbits, showed that ioduria appeared 
for 8 days after pulmonary oil embolism. 
Belin e£ al? reported a clinical counterpart, 
an instance of severe pulmonary radio- 
graphic oil embolism. Oil globules contain- 
ing iodine persisted in the sputum for over 
6 weeks following symptomatic recovery. 
For a further week iodine was detected in 
sputum when oil droplets could no longer 
be identified. 

Cappell* has shown that this may not be 
the full sequence of events. He demon- 
strated that after phagocytosis of India 
ink, laden Kupffer cells appeared in the 
circulation and that such cells might be 
repeatedly trapped then recirculated. They 
could be detected in intermittent shifts 
between the liver, lungs, and the spleen, 
until final resorption. It seems likely that 
there is a cycle of such intermittent shifts 
shuttling the cell trapped medium between 
various capillary filters. The prominent 
opacification of liver and spleen found ex- 
perimentally by Dunn,’ using radiopaque 
media, adds to this view. 

Finely granular stippling is often ob- 
served in the lungs of patients after lymph- 
angiography. For example, it was seen in 
55 per cent of the series reported by Bron 
and co-workers,’ and in 20 per cent of those 
reported by Fuchs.'? Most of these patients 
have no symptoms whatever, and signifi- 
cantly no signs of iodine sensitivity reac- 
tion. 

It is evident, therefore, that the radio- 
graphic contrast medium, after lymphan- 
siography, persists for longer than an ap- 
parent 8 minutes in the lungs. 

Once it reaches the level of the pulmo- 
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narv vessels, iodine excretion shows that 
lipolytic break-down remains active. It is 
this feature which is so very different, for 
the same contrast medium remains ap- 
parently immobilized and radiographically 


unaltered in inguinal and para-aortic lymph 
nodes over many months. 


FATE OF OILY RESIDUES IN OTHER TISSUES 


It is worthwhile noting what happens 
elsewhere. For example, this is not the 
case when lipiodol reaches the submucosa of 
the oviducts during salpingography. Lipol- 
vsis is presumably rapid, for radiographic 
evidence of these granulomata vanishes. 
On the other hand, lipoid granulomata may 
persist in the submucosa of the oviducts for 
3 years or more.!? The oily vehicle seems to 
endure for these longer periods, apparently 
trapped inside cells. 

The tendency of myelographic contrast 
medium to escape through puncture sites 
is well known. It may track widely in sub- 
arachnoid and subdural planes. Even 
during an unremarkable myelography with 
a single puncture, we have occasionally 
known the contrast medium to appear 
rapidly along the anatomic line of distribu- 
tion of spinal nerve roots. It becomes ar- 
rested then outside the bony vertebrae, 
especially in the lower thoracic and upper 
lumbar regions (Fig. 10, .7 and B). Such 
residues are not recoverable. They are 
assumed to lie in nerve cuffs. Sometimes a 
very fine halo or reduplication of margin 
was detectable in the myelographic column 
showing the plane of leakage. 

Some evidence is advanced from time to 
time for perineural cerebrospinal fluid path- 
ways.” Radiologically it is not clear whether 
they represent planes of escape or function- 
ing pathways. Such residues have not been 
seen to shift or become less radiopaque in 1 
year. 

In a study of 13 instances followed for 
long periods, we found persistence of radio- 
pacity in these residues for periods of up to 
to years. This is far longer than after 
lymphangiography. In Dunn's experience? 
cell trapping did occur in this location. 

Christoforidis and co-workers? have noted 
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another type of local persistence in serial 
examinations after bronchography. Where 
the bronchial mucosal lining was eroded, 
and the contrast medium engulfed in 
phagocytes, it tended to remain fixed and 
radiopaque over long periods. They have 
used this as a “wall sign" to denote erosion 
of the mucosa in the bronchi. 

From this series of instances, by analogy 
with medium trapped in lymph nodes, it 
would seem very likely that once oily radio- 
graphic contrast medium is surrounded by 
a syncytium of cells, lipolytic disintegration 
is grossly impeded. It would suggest that 
such reactions are not phagocytic as is 
commonly supposed. They have many 
characteristics of a walling-off by some form 
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l'1G. 10. (4 and B) Extra ver 
tebral linear progressions of 
contrast medium occurring 
during myelography. The: 
follow the line of nerve roots 
from the lower thoracic to 
the mid lumbar region. 


of cell shield. Electron microscopic studies 
are being undertaken to examine the mem. 
brane relationship around oily tissue bound 
media. 


INDICATORS OF DEVELOPMENT FOR OILY 
LYMPHANGIOGRAPHIC CONTRAST MEDIA 


When water soluble contrast media were 
first used in lymphangiography, their dif. 
fusion was so marked that it was difficult to 
show lymph nodes clearly or above the 
pelvis. While oil, introduced as the im. 
proved vehicle for iodine, is more viscous, 
it would appear that this is not the prime 
reason for its premature fixation. Persis. 
tence of contrast media is a blight if it 
obscures the neld from subsequent exami- 
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nations. The body has efficient mechanisms 
for rapid lipolytic disintegrations of lipiodol 
or ethiodol in the lungs and blood. Further 
experimentation with vehicles, with and 
without bound iodine, is necessary to find 
those which do not attract rapid histiocytic 
shielding. Investigation should also include 
the effect of histiocyte inhibitors. 

We are not aware of experimental inves- 
tigations using physiologic additions of 
bile salts to contrast media as emulsion 
stabilizers. From observation of chylous 
sinuses in the groin, with retrograde flow 
of chyle, it would seem that progressive 
sclerosis of lymph nodes is not provoked in 
this fashion. The physiologic mechanisms 
of the body should give some clues for 
improving lymphangiographic contrast me- 
dia, for at some levels fat is a normal con- 
stituent of lymph. It would seem worth- 
while to copy these natural mechanisms in 
developmental trials of emulsifiers in oily 
media. 


SUMMARY 


Oily lymphangiographic contrast media 
provoke unsuspectedly rapid histiocytic 
cocooning reactions in lymph nodes. This 
appears to be the main factor which pre- 
vents flow of the medium very shortly 
after introduction, rather than viscosity. 
Experimentally, similar cell reactions can 
be detected within minutes in lymph nodes. 
In this series it was detectable at 8 hours 
and very evident at 2 days. 

The histiocytic reaction to lymphangio- 
graphic media appears to be unlike the 
ordinary process of phagocytosis in lymph 
nodes. It has features suggesting a form of 
encystment rather than true intracyto- 
plasmic incorporation. Such a syncytial 
cell shield seems to block lipolysis, and 
effectively traps media. It vanishes around 
the eighth month when radiographic reso- 
lution begins. 

Although often visualized during lymph- 
angiography, the cisterna chyli and thora- 
cic duct do not opacify persistently. Con- 
trast medium reaching the lungs appears 
to vanish after minutes. This is thought to 
be due to dispersion into droplet size below 
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the limits of radiographic resolution. There 
is much evidence that it persists for weeks, 
and, unlike the contrast medium trapped in 
lymph nodes, undergoes a continuous 
lipolytic disintegration. 

A comparison with persistences and cell 
trapping in other tissues is given. 


G. B. Elliott, M.B. 

Department of Pathology 

The Vancouver General Hospital 
Vancouver 9, British Columbia 
Canada 
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mission to use the roentgenograms illustrating 
thoracic duct and cisterna chyli during lym- 
phangiography. 
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HEPATIC OIL EMBOLIZATION FOLLOWING LYMPH- 
ANGIOGRAPHY IN A CHILD WITH 
NEUROBLASTOMA* 


By HARVEY HECHT, M.D., WALTER BERDON, M.D., and DAVID BAKER, M.D. 


NEW YORK, NEW YORK 


EPATIC oil embolization after pedal 

lymphangiography has been seen 
rarely and almost exclusively in adults with 
testicular or cervical carcinoma metastatic 
to para-aortic and external iliac lymph 
nodes.?34 910,12,16 Complete or at least par- 
tial lymphatic obstruction, as well as occlu- 
sion of the inferior vena cava have been 
thought to be the necessary predisposing 
factors. We have encountered such oil em- 
bolization to the liver in a child with ab- 
dominal neuroblastoma, invading and par- 
tially obstructing the para-aortic lymph 
nodes, but not obstructing the inferior vena 
cava. 


REPORT OF A CASE 


E.J., (186 og 77) a 12 year old Caucasian 
girl, had been hospitalized elsewhere in Septem- 
ber, 1966 for severe abdominal pain. Intrave- 
nous pyelography at that time showed minimal 
lateral displacement of the left ureter; a shght 
anterior displacement of the duodenal loop was 
noted on the upper gastrointestinal series. 
Biopsies of enlarged para-aortic lymph nodes 
encountered at laparotomy were interpreted 
by several pathologists as showing only in- 
flammation and necrosis. 

Her abdominal pain continued during the 
next year and she was admitted to Babies 
Hospital in July, 1967 complaining of severe 
pain in the thoracolumbar region. 

Physical examination revealed a thin girl 
appearing chronically ill, in no acute distress. 
Her only positive physical finding was tender- 
ness over the lower thoracic and upper lumbar 
spine. No abdominal masses were felt. Plain 
abdominal roentgenograms showed faint calci- 
fication to the right of the lumbar spine at the 
level of the second lumbar vertebrae. The pre- 
vious biopsy was reviewed and interpreted as 
necrotic neuroblastoma. 


* Presented at the Spring Conference of the New York Roentgen Society, New Y 


The upper gastrointestinal series demon- 
strated anterior displacement of the duodena! 
loop. Àn intravenous pyelogram revealed lateral 
displacement of both kidneys (Fig. 1). The 
lateral projection of an inferior vena cavogram 
showed anterior displacement and mild encase- 
ment of the inferior vena cava without direct 
invasion by tumor (Fig. 2, 4 and B). Per- 
cutaneous transfemoral aortography showed 
similar narrowing of the mid lumbar aorta 
without any opacification of the tumor masses. 
Pedal lymphangiography showed almost com- 
plete obstruction of lymph nodes at the L2-3 
level (Fig. 3 and 4). The highest lymph nodes 
showed replacement resembling metastatic 
carcinoma. while at the L4 level foamy lymph 
nodes reminiscent of lymphoma were seen. The 
pelvic lymph nodes were normal. No unusual 
collateral lymphatic channels were seen. 

A chest roentgenogram on the day of lym- 
phangiography showed fine opaque ethiodal 
densities of pulmonary embolization suggesting 
some passage of ethiodal* through the cisterna 
chyli and thoracic duct, despite the high degree 
of obstruction below this level. Most unusual 
was the pattern seen within the liver (Fig. 3 
and 4), in moderate degree, on the day of the 
study (Fig. 3) and more so on the next day 
(Fig. 4). This consisted of a similar fine granular 
pattern of opaque densities without any signs 
of linear streaking, which disappeared in the 
next 48 hours. 

Only a biopsy of the unresectable neuroblas- 
toma could be accomplished. Again a necrotic 
neuroblastoma was found both in the lymph 
nodes and in the retroperitoneum; a distinct 
"primary" lesion could not be identified. The 
liver was grossly normal but not biopsied. She 
received 3 courses of radiotherapy, first to the 
abdominal mass and then to subsequent sites 
of metastases. Her bone marrow remained unin- 
volved and she was treated with cytoxan and 


* Ethiodized Oil, E. Fougera & Co. 
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vincristine as of May, 1968, 9 months after 
laparotomy and 21 months after the first 
operation. She died in August, 1968. 


DISCUSSION 


Chavez and co-workers,' in a world-wide 
survey, reported finding hepatic oil emboli- 
zation in only 36 of 17,000 pedal lymph- 
angiographies—an incidence of 0.19 per 
cent. One-half of the patients had testicular 
neoplasms, while an additional one-fourth 
had cervical carcinoma metastatic to retro- 
peritoneal lymph nodes. 

Two theories explaining such hepatic oil 
embolization have been suggested.? 4910.12.16 
The first is that oil can pass retrograde 
from the para-aortic lymph nodes to he- 
patic lymphatics. The second is that poten- 
tial lymphatic-venous anastomoses exist, 
which, in the presence of lymphatic ob- 
struction, can shunt oil from the para- 
aortic or iliac lymph nodes to the mes- 
enteric veins and then to the portal vein 
and its intrahepatic branches. 

The first theory of lymphatic-lymphatic 





FIG. 1. An intravenous pyelogram in a 12 year old 
girl who had been explored 9 months earlier for 
unexplained abdominal pain with finding of en- 


larged “necrotic inflammatory nodes,” later 
proven to be necrotic neuroblastoma. Note dis- 
placement of left ureter by midline retroperitoneal 
mass. 
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A 





lic. 2. (4) Frontal and (B) lateral inferior vena 
cavograms show no obstruction. Mild encasement 
and anterior displacement of the vena cava in its 
mid portion is noted. 


shunting is based on the fact that liver lym- 
phatics normally drain into the hepatic and 
celiac lymph nodes. These lymph nodes 
then drain into the pre-aortic and para 
aortic lymph nodes? which subsequently 
transmit their lymph to the cisterna chyli. 





V1G. 3. September 19, 1967: Pedal lymphangiogram 
in same patient on day of study. Note lymphatic 
obstruction at L2-3 with both foamy as well as re- 
placed lymph nodes mainly to left of midline. 
Fine opaque densities are seen in the liver, espe- 
cially the right lobe. 


Lower extremity and mesenteric lymphat- 
ics similarly drain into the para-aortic 
lymph nodes. Wallace e£ al.'® have shown 
retrograde flow into these mesenteric lym- 
phatics following an interruption of the 
lymphatic trunks at the level of the cisterna 
chyli. If the encountered hepatic emboliza- 
tion of pedal lymphangiographic ethiodal 1s 
due to a reverse lvmphatic flow from 
blocked para-aortic lymph nodes, then the 
visualization of hepatic lymphatic channels 
leading from these lymph nodes might be 
expected; in fact, they were not identified. 

The most frequently reported roentgeno- 
graphic description of such embolization is 
of a branching network pattern.!^?? ^ The 
pattern in our study was that of fine granu- 
lar densities of contrast medium reminis- 
cent of that seen in patients long after 
thorotrast cerebral angiography with 
eventual liver opacification, [t 1s not proper 
to assume that the fine granular densities 
themselves suggest lymphatic flow by their 
appearance. The normal embolization to 
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the lungs in children undergoing pedal 
lymphangiography produces a nodular pat- 
tern. This is presumed to be lymphatic- 
venous by way of the thoracic duct empty- 
ing into the neck veins. 

The theory of lymphatic-venous anasto- 
moses has been suggested by many au- 
thors.2:!%)2:5.16 They have observed fine 
branching channels within the liver sugges- 
tive of portal vein arborization. Experi- 
mentally, an identical pattern has been 
produced by Wallace eż a/.,!° Leger et al.,’ 
and Chavez and associates? by direct in- 
jection of ethiodal into the inferior mesen- 
teric vein in dogs. Roentgenographically, 
lymphatic-portal, lymphatic-inferior vena 
cava and lymphatic-jugular anastomoses 
have been shown.'? Similar lymphatic ve- 
nous anastomoses were clearly demonstra- 
ted in the thigh when an obstruction of the 
inguinal lymph nodes led to the filling of the 
femoral vein by lvmphatics.!! Bron and co- 
workers? have demonstrated lymphatic 
venous anastomosis in dogs after occlusion 
of efferent lymphatic channels. Pressman 





September 20, 1907: Same patient 24 hours 
after lymphangiographic injection. The fine hepat- 
ic ethiodal embolization is seen more clearly; it 
was gone in the next 24 hours. 


iG. 4. 
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et al. have experimentally demonstrated 
the passage of air, blood serum, bacteria 
and HeLa cells up to 20-25 u in diameter 
from a cervical lymph node into the inter- 
nal jugular vein of dogs, without passage 
into the efferent channels. Finally, special- 
ized postcapillary venules have been de- 
monstrated in lymph nodes which allow 
lymphocytes to pass from the blood to the 
venous sinuses in the lymph nodes.! 
Although the lymphatic venous theory is 
most plausible, It cannot be stated with cer- 
tainty which route or even if both routes 
are utilized in any given case. The only 
necessary predisposing factor seems to be 
partial or complete obstruction of the 
lymph pathway, either in the pelvis or 
higher along the para-aortic chain, prior to 
entrance into the cisterna chyli. [t j Is obvi- 
ous that the inferior vena cava need not be 
obstructed in vew of its wide patency in 
our case. The type of malignancy is prob- 
ably not a factor since liver embolization 
of ethiodal has been seen in lymphoma, 





De Brun.) 


FIG. 5. 


neuroblastoma with slightly larger ethiodal em- 


(Case of G. yA 3 Year old girl with 


bolization densities in liver. (Hospital for Sick 
Children, Paris, France.) 
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renal carcinoma and now neuroblastoma 
(Fig. 1-5). Malignancy also need not be a 
predisposing factor since oil emboli to the 
liver have been reported in filariasis.? It is 
also quite possible that, in patients with 
retroperitoneal fibrosis, one find 
similar complete lymphatic obstruction 
and hepatic oil embolization. 


might 


TIME AND DOSAGE FACTORS 


Markovits and associates!? found a time 
lag of 1 to 2 hours from the time of com 

mencing lymphangiographic injection until 
hepatic oil embolization was detected. In 
their cases, largely testicular tumors meta 

static to retroperitoneal lymph nodes, the 
images became diffuse on the second da: 
and disappeared between the third and 
seventh day. 

In our patient it was first visualized 1 
hour after the completion of an injection of 
8 cc. of ethiodal infusion, and became more 
intense on the second day. The hepatogram 
disappeared 4 days after the lymphangi 
gram. The injection of 8 cc. may be too larg 
for safety in view of the possibility of lym 
phi atic-venous anastomosis with potenti: 1 
flooding of the lung. Four to six per foot 
seems adequate for children over 6 vears, 
while 3 per foot 1s adequate under 6 
years of age. Image intensification fluoros 
copy or roentgenographic monitoring of 
contrast medium flow 1s necessary in order 
to discover lymphatic obstructions and, i 
need be, terminate the injection. 


SUMMARY 


Hepatic oil embolization is reported in a 
child with abdominal neuroblastoma invad 
ing and obstructing the para-aortic lym 
phatic channels. The inferior vena cava was 
not obstructed. 

A description of possible mechanisms ot 
either lymphatic-lymphatic or lymphati: 
venous shunting is presented. 


Walter E. Berdon, M.D. 
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HYSTEROGRAPHY USED IN THE DIAGNOSIS 
OF INTRAUTERINE TRAUMA* 


By REED ALTEMUS, M.D.,f DAVID CHARLES, M.D.,t and 


RICHARD J. STOCK, Jr., 


PITTSBURGH, 


NTRAUTERINE trauma as an etiologic 
factor for a syndrome which comprises 
infertility, spontaneous abortion, and men- 
strual regulades was first described by 
Fritsch in 1894.°? Asherman described 
"amenorrhoea traumatica (atretica)" sec- 
ondary to stenosis in the region of the 
internal cervical os in 1948.? He enhanced 
the knowledge of this subject in 1950 by 
correlating the presence of intrauterine 
adhesions with infertility and spontaneous 
abortion, and presented, for the first time, 
the hysterographic findings.* Our knowl- 
edge of this entity has since expanded to 
include a broader spectrum of etiologies, 
clinical manifestations, and hysterographic 
appearances. Previous discussions empha- 
sized the importance of hysterography in 
the diagnosis of traumatic intrauterine 
adhesions,"" but failed to consider the 
following: (1) the inherent technical diff- 
culties of the procedure; (2) the spectrum 
of hysterographic findings; and (3) the 
value of follow-up roentgenographic ex- 
aminations. The purpose of this communi- 
cation is to briefly review the etiologic, 
clinical, and pathologic aspects of this 
“sy drome, ” and to present hy sterograms 
illustrating. factors omitted by previous 
authors. 


ETIOLOGY 


Mechanical trauma to the endometrium 
or myometrium resulting from vigorous 
curettage of the postpartum or postabortal 
uterus 1s the most common etiologic factor. 
Other causes such as infection, caustic 
solutions, foreign body reaction (intrau- 

* From the Departments of Radiology, 
Pennsylvania. 
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terine packing), myomectomy (when in- 
volving the surface of the endometrium), 
and spontaneous evacuation of a hydatidi- 
form mole have been suggested.? Sustained 
apposition of the injured intrauterine 
surfaces is the common denominator of 
these various etiologies.? 


CLINICAL ASPECTS 


Menstrual disorders. The menstrual his- 
tory is rarely normal and varies from hvper- 
menorrhea to amenorrhea;? however, in 
our experience, scant or absent menstrual 
flow 1s the most common disturbance. 

Infertility. The association of secondary 
infertility and repeated spontaneous abor- 
tion with intrauterine adhesions is gen- 
erally accepted. The rationale of this rela- 
tionship remains obscure, but the associa- 
tion more than suggests e need for hvs- 
terography in every case of unexplained 
habitual abortion or infertility following 
intrauterine curettage. 


PATHOLOGY 


Failure of re-epithelialization with the 
development of fibromuscular adhesions 
are the principal pathologic changes occur 
ring within the uterine cavity. Histologic 
examination of any endometrium present 
invariably reveals fibrosis, distorted inac- 
tive endometrial glands, fibrous stoma with 
round cell infiltration, and scant or absent 
vasculature. The adhesions or synechiae 
may be delicate, consisting solely of at- 
tenuated endometrial stroma, but more 
commonly, they consist of hypertrophied 
fibromuscular tissue stretching between the 
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walls of the uterine cavity. The degree of 
distortion and obliteration of the cavity 1s 
proportional to the extent of the pathologic 
change. Extensive involvement may result 
in total uterine atresia. Classification of the 
adhesions according to location, (cervical, 
cervicocorporeal, and corporeal) has been 
advocated by Wood and Pefa.? Cervical 
and cervicocorporeal adhesions are usually 
associated with some degree of obstruction 
of the endocervical canal or internal cervi- 
cal os. Stricture in the vicinity of the inter- 
nal cervical os was the initial pathologic 
alteration described by Asherman.’ 
THE HYSTEROGRAPHIC SPECTRUM 

The severity and location of the patho- 
logic changes are reflected by the varying 
roentgenographic findings. Limited involve- 
ment is represented by filling defects oc- 
curring within an otherwise normal-appear- 
ing uterine cavity (Fig. 1,7). The radio- 
lucent defects may be round, ovoid, or 
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Fic. 1. The hysterographic spectrum 
of intrauterine trauma. (4) A large 
fibromuscular band (open arrow- 
heads) occurring within an other- 
wise normal-appearing uterine cav- 
ity. (B) A distorted uterine cavity 
(arrow) associated with extravasa- 
tion of contrast medium into the 
myometrium and pelvic veins. (C) 
Complete obliteration of the intra- 
uterine cavity with extravasation 
of contrast medium into the inter- 
stitial spaces, lymphatics, and 
veins of the uterine wall and pelvic 
Cavity. 


linear in configuration and are caused by 
fibromuscular adhesions bridging the inner 
surfaces of the cavity. More extensive 
adhesions distort the size and shape of the 
uterine cavity (Fig. 15), while severe 
involvement may result in total oblitera- 
tion of the uterine chamber. The latter 
circumstance is generally manifest roent- 
genographically by the interstitial extrava- 
sation of contrast medium into the uterine 
wall and/or pelvic vessels, with little, if 
any, visualization of a uterine cavity (Fig. 
1C). Filling defects resembling synechiae, 
but found within a normal-appearing cav- 
ity, cause the greatest difficulty in the dif- 
ferential diagnosis. Zondek and Rozin™ de- 
scribed intrauterine changes simulating 
synechiae. They disappeared, however, 
after denervation. Round, linear, smooth 
radiolucent defects are often produced by 
the apposition of the uterine walls secon- 
dary to incomplete distention of the cavity 
by contrast medium (Fig. 2, Æ and P). 
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Other causes are traumatic manipulation of 
the injecting cannula, endometrial polyps, 
myomas, air bubbles, cystic hyperplasia of 
the endometrium, and congenital fibrous 
septa. Tuberculous endometritis and uter- 
ine adenomyosis produce hysterographic 
appearances which are extremely difficult 
to distinguish from intrauterine adhesions. 
Their appearance also combines filling de- 
tects with distortion of the uterine cavity, 
but visualization of uterine fistulae char- 
acterizes tuberculous endometritis, while 
spicule-like structures extending from the 
surface of the cavity and ending in tiny sacs 
suggest adenomyosis. Although these con- 
ditions may give rise to secondary infertil- 
ity, they can be differentiated from intra- 
uterine trauma by an adequate clinical 
evaluation. A final consideration, from a 
roentgenographic point of view, is the con- 
genital absence of the uterine cavity. This 
condition, however, is not accompanied by 
the history of secondary infertility. 


TECHNICAL DIFFICULTIES OF 
HYSTEROGRAPHY 

The technical difficulties in performing 
hysterography relevant to intrauterine 
trauma result specifically from the under- 
lying pathologic alterations of the endo- 
metrium and myometrium.*? The patho- 
logic disturbance of the lining of the cavity 
renders the uterine wall vulnerable to inter- 
stitial extravasation of the contrast me- 
dium during the injection. Flooding of the 
veins, lymphatics, and interstitial spaces of 
the uterine wall precedes, as a rule, extra- 
vasation into the pelvic veins, lymphatics, 
and abdominal cavity (Fig. 3, Z and B). 
When oily contrast media are used, exces- 
sive extravasation must be prevented in 
order to diminish the possibility of pulmo- 
nary oil embolization and intraperitoneal 
lipid granulomatosis. Furthermore, inter- 
stitial extravasation may stimulate uterine 
contraction and result in a false impression 
of complete obliteration of the cavity. This 
IS à Serious error, as many investigators rec- 
ommend hysterectomy as the onlv form of 
treatment for total uterine atresia.!? The 


Hysterography in Diagnosis of Intrauterine Trauma 867 





s 


lic. 2. (4) Smooth linear filling defects (arrow 
caused by incomplete distention of the | 
cavity. (B) Introduction of additional contrast 
medium completely distends the cavity, and the 
filling defects disappear. 


uterine 


prevention of excessive interstitial extra 
vasation is possible by employing direct 
fluoroscopic control! If a fine network of 
contrast medium outlines the uterine wall. 
the injection should be terminated. Rela. 
tive to water soluble media, their reduced 
adhesive qualities necessitate filming dur. 
ing the injection as delayed roentgeno 
grams fail to adequately outline the uterine 
cavity. The reduced viscosity also facili. 
tates the interstitial extravasation leaving 
the intrauterine chamber unfilled or incom. 
pletely outlined. In view of these short 
comings, the authors recommend the use of 
oily media when performing examinations 
tor the evaluation of intrauterine adhesions, 
but strongly urge the employment of 
fluoroscopy with image intensification in 
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lic. 3. (4) A myometrogram (arrows) occurs before 
extensive extravasation of contrast medium into 
the pelvic vasculature. (B) Continuation of the in- 
jection results in excessive flooding of the pelvic 
veins and lymphatics (arrows). A small portion of 
the uterine cavity is visualized (open arrow). 


order to limit excessive extravasation of the 
contrast medium. 


VALUE OF FOLLOW-UP 
HYSTEROGRAPHY 


THE 


Errors of interpretation which stem from 
interstitial extravasation, uterine contrac- 
tion, and incomplete distention of the cav- 
ity are, at times, avoided by repeating the 
examination at a later date. Follow-up hys- 
terography is also helpful, in conjunction 
with other clinical and laboratory studies, 
in determining the progress and perhaps 
the effectiveness of treatment (Fig. 4, 7 
and B). The diagnosis of complete uterine 
atresia is not justified if based solely on the 
initial hysterographic study. Inability to 
pass a uterine sound or probe past the inter- 
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nal cervical os is also incomplete evidence 
of total atresia. The use of a blunt sound to 
relieve partial obstruction in the region of 
the endocervical canal may permit visuali- 
zation of a normal uterine cavity (Fig. 5). 


SUMMARY 


The clinical syndrome resulting from 1n- 
trauterine trauma encompasses a spectrum 
of clinical, pathologic, and roentgenologic 
findings. It represents a broader concept 
than originally discussed by Fritsch? and 





Fic. 4. (4) Marked contracture and irregularity of a 
uterine cavity containing a filling defect (arrow) 
was found associated with clinical symptoms sug- 
vesting intrauterine adhesions. (B) A repeat hys- 
terosalpingogram performed after 9 months of 
hormonal therapy demonstrates marked 1mprove- 
ment in the appearance of the uterine chamber. 
Multiple adhesions are still observed within the 
right fundal region. 
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Asherman.? Hysterography is essential in 
order to confirm the clinical diagnosis. 
Shortcomings and complications in both 
interpretation and technique result, how- 
ever, from the basic pathophysiologic alter- 
ations of the uterus. 

A report on the pitfalls in interpretation 
and technique, as well as the value of 
follow-up hysterography, comprises the 
major consideration of this discussion. 


Reed Altemus, M.D. 

Department of Radiology 

Magee-Womens Hospital of the University of Pitts- 
burgh 

l'orbes Avenue at Halket Street 

Pittsburgh, Pennsylvania 15213 
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Fic. 5. Adhesions were gently broken by instru. 
mentation at the time of hysterography and per- 
mitted visualization of a relatively normal cavity 
proximal to the endocervical adhesions (arrow). 
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ANGIOGRAPHIC DEMONSTRATION OF A 
LYMPHATIC CYST OF THE 
MESENTERY* 


A CASE REPORT 


By RICHARD B. GORDON, M.D.,¢ ANTONIO CAPETILLO, M.D. and DOMINICK J. 
PRINCIPATO, M.D.+ 


NEW YORK, NEW YORK 


ESENTERIC cysts are rare tumors. 

Less than 700 cases have been re- 
ported in the literature since Benevieni, a 
Florentine anatomist, described the first 
case in 1507. Because of their rarity, mesen- 
teric cysts are often not included in the 
differential diagnosis of an abdominal mass 
prior to laparotomy. Frequently, they are 
discovered only as an incidental finding 
during some other operative procedure. In 
the case presented in this communication, 
the diagnosis was established preopera- 
tively by selective angiography. 


REPORT OF A CASE 


A 56 year old man was admitted to the Man- 
hattan Veterans Administration Hospital com- 
plaining of a vague, dull, deep aching pain over 
the lower abdomen for the previous 2 months 
and a ro pound weight loss. Otherwise, his 
health had been good. Physical examination 
was unremarkable except for the presence of a 
soft, round mass, about the size of a baseball, 
palpated to the left of the umbilicus. It was 
nontender and freely movable in the trans- 
verse direction. Upper gastrointestinal series, 
barium enema examination, and liver scanning 
were all interpreted as normal. Laboratory 
studies were within normal limits. 

Selective superior mesenteric angiography 
demonstrated displacement, splaying, and 
straightening of certain jejunal branches prior 
to their final arborization within the small 
bowel wall (Fig. 1). A distinct round density 
stained faintly during the capillary and venous 
phases (Fig. 2). Two areas of calcification, 
probably represen ting calcified mesenteric lymph 
nodes, were also present. But because one of 
the calcifications could not be separated from 
the density in any projection obtained, the 





Fic. 1. Selective superior mesenteric artery injec- 
tion with deviation of the jejunal branches around 
the mesenteric mass (arrows). 


roentgenologic diagnosis was mesenteric cyst, 
possibly dermoid type. 

At laparotomy, a firm spherical mass mea- 
suring 5.0 cm. in diameter was found in the 
mesentery about 1 1/2 inches from the jejunal 
wall. Dissection of the cyst out of the mesentery 
compromised the arterial circulation to 12.0 
cm. of jejunum which was then also resected 
and an end-to-end anastomosis performed. 
The postoperative course was uneventful. 

The operative specimen consisted of mesen- 
tery, cyst, and a loop of jejunum (Fig. 3). Two 
calcified lymph nodes were identified, one ad- 
herent to the wall of the cyst. The cyst wall 
measured 3 mm. in thickness and consisted of 
dense fibrous tissue heavily infiltrated with 
lymphocytes and plasma cells. In some areas 
lymphoid aggregates with germinal centers 
were present. No epithelioid lining, smooth 
muscle, hair, or bone was identified. The cyst 
putty-like, fragmented, 


B 


contained a mass of 


* From the Departments of Radiology,t and Surgery,T Manhattan Veterans Administration Hospital; and the Department of 
Radiology, New York University School of Medicine, New York, New York. 
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capil- 
Two 


l'16. 2. A round density stains faintly in the 
lary and venous phase (white arrows). 
calcified mesenteric lymph nodes are present 
(black arrows). 


whitish and tan material (Fig. 4). The jejunal 
segment was normal. 


DISCUSSION 


Many different classifications have been 
proposed to distinguish between the vari- 
ous types of cysts occurring in the mesen- 
tery.^^7^P Lahey and Eckerson? offer the 
following c categories based upon etiology: 


(1) Wolffian cysts arising from persistent 
remnants of the urogenital system; (2) 
chylous or lymphatic cysts occurring from 
developmental or obstructive phenomena 





Fic. 3. The operative specimen consisting of mes- 
entery, cyst, and resected bowel. 


Lymphatic Cyst of the Mesentery 








lic. 4. The cyst after opening. 


of the lymphatic system; (3) dermoid cysts 
and also enteric cysts or enterocytomas 
which are formed by the inclusion in the 
embryonic mesentery diverticula of the in- 
testine or of an isolated portion of the vitel- 
line duct; (4) mesocolic cysts arising from 
pockets of mesentery remaining from the 
union of the colic mesentery and the poste- 
rior parietal peritoneum; (5) parasitic and 
inflammatory cysts, notably echinococcal 
and necrotic tuberculous lymph nodes; and 
(6) traumatic blood cysts. 

Mesenteric lymphatic (chylous) cysts are 
the most common type and are usu: lly 
found between the peritoneal leaves of the 
mesentery of the jejunum, ileum, or that 
portion of the large bowel containing a mes- 
entery. They may be simple or multiple, 
wnilocular or multilocular, and vary in size 
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from a few centimeters to enormous 
growths.” 

The majority of lymphatic cysts are be- 
lieved to arise when lymphatic fluid ac- 
cumulates in congenitally misplaced lym- 
phatic tissue which has no efferent com- 
munication with the rest of the lymphatic 
system.® The role of inflammatory oblitera- 
tion of efferent lymphatics in the causation 
of chylous cysts is no longer accepted be- 
cause of the extensive anastomoses between 
lymphatic vessels.” !*:2° However, it is inter- 
esting to consider the presence of the cal- 
cified mesenteric lymph nodes adjacent to 
the cyst in the case reported herein. Al- 
though perhaps entirely coincidental and 
unrelated, their juxtaposition does suggest 
the possibility that the cyst formed as a re- 
sult of previous inflammation in that area 
with occlusion of normal lymphatic flow. 

The contents of a mesenteric lymphatic 
cyst may be serous or chylous,"" the 
former being more frequent. Indeed, in a 
multilocular cyst, the character of the fluid 
may vary from locule to locule.* With 
dehydration the chylous material turns 
whitish-yellow and varies in consistency 
from that of milk to thick cream to a seba- 
ceous material. 

Clinically, the cyst may be completely 
asymptomatic and discovered only inci- 
dentally, or the patient may complain 
typically of a dull, vague abdominal pain 
of an indeterminate nature. Traction on 
the root of the mesentery from a large 
growth may produce back pain." Weight 
loss and anorexia may also be present. If 
complications occur, such as hemorrhage 
into the cyst, rupture, intestinal obstruc- 
tion, or volvulus, the patient may present 
as an acute surgical emergency.^:9 9.10.1? 
When palpable, the cyst is often painless, 
round or oval and markedly mobile, es- 
pecially in the transverse direction. 

The treatment is surgical, consisting, if 
possible, of simple enucleation. However, 
if the blood supply to the adjacent bowel 
is interrupted, that segment of the bowel 
is also resected and an end-to-end anasto- 
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mosis performed. Marsupialization of the 
cyst has been employed in difficult cases. 
Simple aspiration is not recommended be- 
cause of the recurrences of fluid. 

The roentgenographic demonstration of 
a mesenteric lymphatic cyst 1s dependent 
upon its size, density, location, effect upon 
adjacent organs, and a calcified wall if 
present. If the cyst is dense enough it will 
appear as a round or oval shaped shadow 
on a plain roentgenogram of the abdomen. 
A barium meal and enema study with 
fluoroscopy may aid in localizing the site 
of a growth if there is indentation or dis- 
placement of adjacent bowel. Pyelography 
helps exclude a renal origin. Pneumoperi- 
toneum has also been used for diagnostic 
purposes with success.” In one case report 
lymphangiography was unrevealing."® 

The demonstration of a round or oval 
shaped abdominal mass pressing on bowel, 
however, still includes a large number of 
entities in the differential diagnosis. An 
additional roentgenographic approach, 
which allows for direct evaluation of the 
mesentery, is selective opacification of the 
superior mesenteric circulation by the per- 
cutaneous catheter method of Seldinger." 
Since the branches of the superior mesen- 
teric artery and vein spread through the 
mesenteries to supply the entire jejunum, 
ileum, and the large intestine up to the 
left colic flexure, any sizable mass lesion 
in a mesentery must necessarily alter these 
vessels. This may be manifest by displace- 
ment, splaying, straightening, occlusion, 
and infiltration. If there is a significant 
vascular component within the tumor, a 
blush or stain will also be evident. Excellent 
localization may now be attained by pre- 
cisely determining which mesenteric 
branches are affected by the lesion under 
study. 


SUMMARY 


The preoperative demonstration of a 
lymphatic cyst of the mesentery by selec- 
tive superior mesenteric angiography is 
reported. 
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The classification, location, etiologv, 
treatment, as well as the clinical and roent- 
genologic diagnoses, are briefly discussed. 


Richard B. Gordon, M.D. 

Department of Radiology 

Manhattan Veterans Administration Hospital 
l'irst Avenue at East 24th Street 

New York, New York 16010 


We are indebted to Dr. Raymond M. Abrams 
and Dr. Elliott R. Beranbaum for their sug- 
gestions in the preparation of this material. 
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ANGIOGRAPHY IN LIVER HEMANGIOMA 


By ENRIQUE PANTOJA, M.D.* 


BROOKLYN, NEW YORK 


HE liver may be affected by hemangio- 

mas of the cavernous type (composed 
of large, thin-walled venous spaces lined by 
a single layer of endothelial cells), or by so- 
called hemangioendotheliomas in which the 
abnormal veins have a multi-layer, hyper- 
trophic endothelium, but a smaller lumen. 
The latter variety is the visceral counter- 
part of the well known strawberry nevus of 
the skin. 

When hemangiomas are accessible to 1n- 
spection and palpation, there is little de- 
mand for roentgenographic assistance in 
making a diagnosis. But visceral hemangio- 
mas present clinically as nondescript tu- 
mors. The danger of hemorrhage contrain- 
dicates needle biopsy, and the lesion may 
resist all diagnostic assaults short of an ex- 
ploratory laparotomy. 

Occasionally, the scout roentgenogram 
of the abdomen may reveal calcifications in 
a liver hemangioma. These have been de- 
scribed as irregularly trabeculated calcium 
deposits radiating from a common center, 
similar in appearance to the hemangioma of 
the calvarium. Phleboliths, so character- 
istic of hemangiomas at other sites, appar- 
ently do not form in the liver. Whatever 
their shape, these calcifications must be a 
late manifestation of the tumor. All 13 of 
Plachta’s cases,!! as well as Aspray’s case,” 
were between the ages of 67 and 86. Davis? 
reported the unusual case of a liver heman- 
vioma with calcifications in an 18 year old 
man. However, in the great majority of 
cases, hemangiomas of the liver are not 
vulnerable to detection, let alone positive 
identification, by plain roentgenography. 
Contrast studies of the gastrointestinal and 
biliary tracts are also limited in demon- 
strating the location and size of these tu- 


mors. Radioisotope liver scanning needs 
further evaluation, but it is likely to have 
the same limitation. 

Besides knowing the extent and location, 
knowledge of the nature of the lesion can 
facilitate a well planned resection in some 
cases, and may save others a needless opera- 
tion. Localized liver hemangiomas, both of 
the cavernous and hemangioendothelioma 
types, are amenable to surgery at all 
ages,51*4 Hepatic artery ligation has been 
successfully performed in an infant with 
multiple hemangioendotheliomas of the 
liver.? Radiation therapy has been strongly 
advocated for hemangioendotheliomas in 
the pediatric age group; but for this lesion 
in the adult, and for cavernous hemangio- 
mas at all ages, the value of radiation 
therapy remains to be established. 

'The therapeutic alternatives justify the 
efforts to make an early diagnosis, and the 
vascular nature of the lesion suggests the 
means. Angiography has been used rather 
extensively in the evaluation of other types 
of neoplasms: hemangiomas of the periph- 
eral soft tissues,’ of the kidney? and of 
the spinal cord? have been studied by this 
means; but the angiographic manifesta- 
tions of liver hemangioma have generated 
less interest. In a previous report from this 
Hospital, Muehlbauer and Farber’ de- 
scribed 4 cases of liver hemangioma com- 
menting briefly on the angiographic find- 
ings of one of their cases. A more thorough 
evaluation of the angiographic picture of 
this disease was made by Pollard eż al.” As 
part of a comprehensive study of angiog- 
raphy in benign diseases of the liver, these 
authors presented 3 cases of hepatic he- 
mangioma describing in detail the anglo- 
graphic aspects of this condition. Except 
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for these instances, the angiographic study 
of liver hemangioma has received little 
attention in the medical literature. 

The present report is based on 2 cases of 
hemangioma of the liver in which angi- 
ography clearly outlined the abnormal ves- 
sels. 


REPORT OF CASES 


Case 1. (B.F.) On September 1, 1965 a full- 
term, white female was born at the Greenpoint 
Division of the Jewish Hospital of Brooklvn. 
She was noted to have multiple skin hemangio- 
mas at birth, and on the second day of life, a 
systolic heart murmur was discovered. Electro- 
cardiography revealed biventricular hyper- 
trophy. The liver was not enlarged at that time. 
She was discharged 4 days later with a diag- 
nosis of multiple skin hemangiomas and pos- 
sible congenital heart disease. 

On three subsequent clinic visits the liver 
was reported as not enlarged. However, on 
December 12, 1965 the child was readmitted to 
the hospital because of a small inguinal hernia. 
The liver was now palpable 6 cm. below the 
costal margin. The systolic murmur was 
louder (Grade 11-1v) and was most prominent 
in the lower precordium, radiating to the left 
axilla and the back of the chest. The pulse was 
140 per minute. Chest roentgenography re- 
vealed marked cardiomegaly and increased 
pulmonary vascularity. The number of cutane- 
ous lesions had increased, and those present 
at birth were larger. 

The day after readmission digitalization was 
attempted. The size of the heart and liver, the 
cardiac rate, and pulmonary plethora remained 
unchanged, however, and digitalis was discon- 
tinued. A liver scan on December 20, 1965 re- 
vealed hepatomegaly with areas of decreased 
uptake within the organ. On January «, 1966 
umbilical vein portography was attempted. 
This vessel was found to be occluded and the 
procedure had to be abandoned. 

On February 3, 1966 cardiac catheterization 
and angiocardiography were performed. These 
procedures contirmed the cardiomegaly, but 
revealed no organic heart defects. The study 
also revealed multiple arteriovenous shunts in 
the liver (Fig. 1, 4,B and C). On February 11, 
1966 an excisional biopsy of one of the cu- 
taneous lesions disclosed a  hemangoma 
(hemangioendothelioma). 
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Case 11. (D.C.) The clinical aspects of this 
case were thoroughly covered in a previous 
report by Muehlbauer and Farber.^ We shall 
present only the most pertinent roentgen find- 
Ings. 

This 46 year old white female had a chief 
complaint of pain in the right flank. She had no 
cutaneous lesions. A palpable liver and pre- 
liminary work-up (including gastrointestinal 
series and cholecystography) suggested a 
hepatoma. Her blood pressure was 150 85. 
Chest roentgenography showed a moderate 
degree of left ventricular hypertrophy (Fig. 
24). lransaortic hepatic angiography (Fig. 2, 
B and C) revealed branches of the hepatic 
artery feeding linear clusters of vascular lakes 
within the liver. Exploratory laparotomv dis- 
closed multiple liver hemangiomas which on 
biopsy proved to be of the cavernous tvpe. 


ROENTGENOGRAPHIC FINDINGS AND 
DISCUSSION 


Angiocardiography, done in Case 1 to 
rule out the possibility of congenital heart 
disease, reveals no abnormality in this or- 
gan other than ventricular enlargement. 
Opacification of the aorta is normal down to 
the celiac trunk. Beyond this point the 
aorta is poorly opacified and the opaque 
material is diverted via the celiac and 
hepatic arteries. The ramifications of the 
hepatic artery are within normal limits 
down to a caliber of approximately 1 mm. 
From these branches a bizarre vascular 
labyrinth is outlined within the liver. 
Large vessels are seen which appear to 
wrap around relatively avascular tissue. In 
both the frontal and lateral projections, the 
vessels have a circular configuration sug- 


gesting that they surround spherical 
masses. They give the liver a lobulated 
appearance. 


Their prompt opacification and large cal- 
iber indicates that these vessels represent 
arteriovenous shunts, but the nature of the 
unopacified “lobules” is less certain. It has 
been demonstrated that some hemangiomas 
may elude visualization by even the most 
refined angiographic techniques. Such is 
the case when the tumor consists of vessels 
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lic. 1. Case 1. (4) Late phase angiocar 
diogram shows opacification of the de- 
scending aorta, celiac trunk, and hepatic 
artery. The major branches of the latter 
are normal. (B) The liver acquires a 
lobulated angiographic appearance as 
multiple, round, vascular spaces are 
opacified throughout its substance. Less 
vascular, round spaces appear radiolu- 
cent. (C) The abnormal vessels retain 
the rounded configuration in the lateral 
view. The radiolucent spaces also retain 
their shape. 
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ic. 2. Case 11. (4) An anteroposterior chest roentgeno- 
gram shows twosigns which, in an older woman with hyper- 
tension, remotely suggest the possibility of liver heman- 
gioma: an elevated right hemidiaphragm, and left ven- 
tricular hypertrophy. (B) Spot studv of the hepatic an- 
giogram shows abnormal vessels near the lateral surface 
of the liver opacified by terminal branches of the hepatic 
artery. (C) Opacified venous lakes form a cluster along 
the path of the feeding vessels and retain the opaque 


medium longer than any other vessel. 


whose lumen approaches capillary size. The 
apparently avascular centers in Case 1 may 
represent hemangiomatous masses in which 
the lumen of the vessels is relatively small 
and the resistance to blood flow propor- 
tionately larger than in the arteriovenous 
shunts. A hypertrophic endothelial wall 
which encroaches on and mav obliterate 
the vessel lumen is characteristic of heman- 
gioendotheliomas. 

Other possible explanations for the un- 
opacifed spaces are: (1) thrombosed or 
otherwise obstructed vessels impairing the 
regional circulation; (2) cavernous com- 
ponents in the hemangioma producing large 
pools of stagnant blood which would be 
difficult to opacify; or (3) normal liver tis- 
sue seemingly avascular by comparison 
with the arteriovenous shunts. This last 


possibility is unlikely in Case 1 since the 
opacified vessels seem to be stretched 
around the avascular centers as if the latter 
were expanding rapidly. Such rapid growth 
would seem more characteristic of neoplas- 
tic than of normal tissue. 

Interestingly, in 2 of 3 cases of liver 
hemangioma reported by Pollard eż g/” 
“the vascular spaces were arranged in an 
orderly circular pattern.” This manifesta. 
tion of liver hemangioma is the subject of 
one of their illustrations, which substanti- 
ates the striking angiographic resemblance 
to Case r of this report. Whether or not 
this resemblance arises from histologic sim. 
ilarities is undeterminable, since Pollard 
and his co-workers do not state the histo. 
logic variety of their hemangiomas. 

The chest roentgenogram of Case ri (Fig. 
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24) has two roentgenographic findings 
which remotely suggest the possibility of a 
liver hemangioma. The right hemidia- 
phragm is elevated and there is evidence of 
left ventricular hypertrophy. The latter 
finding, in an older woman with even mild 
hypertension and hepatomegaly, should 
suggest the possibility of a cavernous 
hemangioma of the liver. These lesions pre- 
dominate in the female in a ratio of 9:1. 
They are frequently associated with hyper- 
tension, especially after multiple preg- 
nancies. Twelve of the 13 cases in Plachta’s 
series were women.!! Seven of these died of 
heart failure associated with clinical hyper- 
tension. This complication seems to be rare 
in the younger patients; its incidence and 
severity increases with age. It 1s also more 
common in association with hemangiomas 
of the cavernous type, as shown in Case rr. 
However, these clues failed to lead to a cor- 
rect diagnosis and, as part of the work-up, 
transaortic hepatic angiography was done. 

The study shows the arterial ramifica- 
tions within the liver to be normal down to 
a caliber of 1 mm. At this point several 
branches become tortuous and opacify mul- 
tiple vascular spaces along their path (Fig. 
2B). The opacified lakes are round or oval, 
some isolated, some forming clusters that 
follow the course of the feeding vessel. Some 
overlie the spine and are presumed to be in 
the left lobe of the liver, but most of them 
are in the right lobe. These lakes have a 
maximum diameter of 6 mm. and have a 
distinct wall which distinguishes them from 
the tumor stain occasionally seen with 
other liver tumors.! They opacify quickly 
and retain the contrast material longer than 
any other vessel visualized (Fig. 2C). They 
gradually fade as the opaque medium is re- 
placed by the circulating blood. 

'The 2 cases presented in this report have 
some angiographic findings in common 
which are entirely in agreement with the 
findings reported by Pollard eż al.” The 
hepatic artery branches are normal down to 
a diameter of approximately 1 mm. From 
these branches the abnormal vessels opac- 
ify promptly, and then retain the contrast 
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material considerably longer than adjacent 
normal vessels. But at this point the simi- 
larities end, and we seem to be dealing with 
two different angiographic entities. The his- 
tologic picture (Case 1 had multiple heman- 
cioendotheliomas while Case 11 had the 
cavernous type of lesion) could explain the 
angiographic differences. Hemangioendo- 
theliomas are characterized by hypertrophy 
of the endothelium at the expense of the 
vessel lumen. Thus, the seemingly avascu- 
lar nodules may consist of masses of heman- 
gioendotheliomatous tissue. A more ex- 
tensive study with correlation of histologic 
and angiographic findings 1s needed to set- 
tle this point. 


SUMMARY 


Hepatic arteriography in 2 patients with 
liver hemangiomas 1s discussed. 

One case is an infant with multiple 
hemangioendotheliomas of the skin and 
liver, the other case is a woman with mul- 
tiple cavernous hemangiomas limited to the 
liver. 

In both cases, the hepatic artery ramifies 
normally down to branches of approxi- 
mately 1 mm. size from which abnormal 
vessels quickly fill; also, the abnormal ves- 
sels remain opacified longer than adjacent 
normal ones. However, there are marked 
differences in the appearance of the abnor- 
mal vessels in the 2 cases. The liver with 
cavernous hemangiomas shows clusters of 
opacified venous lakes along the course of 
the feeding arterial branches. In the infant 
with hemangioendotheliomas, the abnor- 
mal vessels seem to wrap around multiple 
avascular centers producing a lobulated 
pattern throughout the liver. 


(dem 
Jewish Hospital and Medical Center of Brooklyn 
555 Prospect Place 
Brooklyn, New York 11238 

The author thanks Dr. Harvey Chase for 
permission to use Case rr. 
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INFUSION CHOLANGIOGRAPHY* 
THIRTEEN YEARS EXPERIENCE WITH 1,600 CASES 


By LAWRENCE R. COOPERMAN, M.D., STANFORD B. ROSSITER, M.D., GEORGE W. 
REIMER, M.D., and ELMER NG, M.D. 


REDWOOD CITY, CALIFORNIA 


ECENT reports on the efficacy of 


slow infusion cholangiography have 
prompted the authors to report their ex- 
perience with this method of examination in 
a large number of cases over a period of 13 
years. 
REVIEW OF LITERATURE 

Interest in infusion cholangiography has 
primarily been in Europe where a moder- 
ately extensive experience has been ac- 
cumulated. As early as 1957 Varela Fuentes 
and his associates? perfused a mixture of 
hvpertonic glucose, insulin, contrast me- 
dium and 5 mg. of morphine, resulting in 
improved bile duct opacification. Djian and 
Annonier? in 25 cases using hypertonic glu- 
cose as the infusing fluid reported improved 
tolerance and no better opacification. Darn- 
borough and Geffen? in 41 patients reported 
no differences in opacification but decreased 
side effects using the infusion method. Wil- 
helm and Richter? reported similar 1m- 
proved tolerance as well as improved opaci- 
fication. Caron et al.! in 38 cases reported 
improved opacification and no significant 
reactions. McNulty? in 96 cases reported 
similar findings consisting also of decreased 
side effects and improved opacification of 
the bile ducts. 

American workers including Wax and 
Crummy, Feldman and Keohane,’ Doyle 
and Zanca! and Foy? have also reported 1m- 
proved patient tolerance with the infusion 
method with groups of 50, 100, 35, and 53 
patients respectively. 

In reviewing the literature one perceives 
a general agreement that the procedure 
offers distinct improvement in the inci- 
dence of side effects and increased conven- 
ience in performing the examination, but 


there is disagreement as to whether bile 
duct opacity 1s improved. 

Drip infusion cholangiography became 
the routine and only method of performing 
intravenous cholangiography at this hospi- 
tal in 1955, and since that time the method 
has been used on a total of 1,600 patients. 
Our results are in general concurrence with 
the previously described smaller series. 


PROCEDURE 


|. À preliminary roentgenogram is taken of 
the right upper quadrant. Following inspec- 
tion of the film an infusion containing 20 cc. 
of iodipamide methylglucamine diluted 
with 30 cc. of normal saline is started. A 
disposable plastic graduated cylinder 1s 
used for the infusion* (Fig. 1). The infusion 
is allowed to flow fairly rapidly and usually 
is completed in approximately 15 minutes. 
At 15 and 25 minutes after the completion 
of the infusion, films of the right upper: 
quadrant are exposed. Laminagraphy and 
delayed roentgenograms are then obtained 
depending on the needs of the individual 
patient. This method is utilized for all pa- 
ients referred for intravenous cholangiogra- 
phy. | 
RESULTS 


In the 1,600 patients examined to date no 
serious reactions have occurred. Only very 
occasionally 1s there an episode of mild nau- 
sea, with vomiting even more rarely en- 
countered. Itching and hives have been 
even more uncommon sequelae. 


DISCUSSION 


'The method described is so easily per- 
formed and free of complications that our 


* (Metriset) V-1428 Don Baxter Inc., Glendale, California. 


* From the Department of Radiology, Sequoia Hospital, Redwood City, California, and the Clinical Faculties of the Departments of 
Radiology, University of California School of Medicine and Stanford University School of Medicine. 


880 


VoL. 104, No. 4 


attitude toward intravenous cholangiogra- 
phy differs from what has previouslv been 
widely held. The professional brochure 
supplied with lodipamide continues to rec- 
ommend a slow 10 minute direct injection 
with much caution. Although no intra- 
venous injection of contrast material should 
be taken lightly, the success and ease of 
this method make infusion cholangiography 
à routine procedure in our department. 
The usefulness of this examination is widely 
established and the indications for its em- 
ployment are well known, including pri- 
marily the acute abdomen with symptoms 





Fic. 1. Disposable plastic infusion set utilized for 
lodipamide infusion. 


Infusion Cholangiographv 


ool 


referable to the right upper quadrant, non- 
visualization following oral cholecystogra- 
phy, and in the post cholecystectomized pa- 
tient with recurrent sy mptoms. Also, an 
occasional patient, because of personal Or 
economic reasons, may need to have a bili- 
ary tract examination without having been 
given the oral medium at the proper time 
previously. On infrequent occasions we 
have been prevailed upon to perform the 
examination by our clinicians under these 
circumstances and have done so, albeit re- 
luctantly. The convenience provided the 
patients at this time compared to the usual 
routine of oral cholecystography is obvious. 
Only a moment of time is required to start 
the infusion instead of the 10 minutes re- 
quired tor direct injection, and the patient 
may be removed to a stretcher during the 
infusion, thus freeing the radiographic 
room. The presence of an intravenous nee- 
dle in place is of obvious advantage should 
a serious reaction occur. 

The infusion technique has the additional 
theoretic advantage of decreasing renal ex- 
cretion and increasing biliary excretion by 
increasing the relative amount of iodipa- 
mide bound to serum protein.^*?" It has 
been postulated that decreasing the admin- 
istration rate increases the relative propor- 
tion of protein bound lodipamide and that 
the unbound fraction is the one that is 
likely to be excreted by glomerular filtra- 
tion.®* Also, since nausea and vomiting 
may be related to a fall in blood pressure, it 
1S likely that a slower injection rate mini- 
mizes this side effect by having less hypo- 
tensive effect.*"! Slow injection of iodipa- 
mide is therefore universally accepted as 
being mandatory; intravenous infusion is 
an eminently easy and effective way of 
achieving this goal. Anyone who has sat E 
à patient attempting to ee directly 
substance at the rate of 2 per net 
can attest to its difficulty. 

Recent attempts to improve bile duct 
opacity by using a larger dose (40 cc.) of 
iodipamide with varying volumes of in- 
fusate have been disappointing. The dose 
of 40 cc. is based theoretically on the work 
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of Fischer® who in dogs estimated that the 
optimal iodipamide dosage level was ap- 
proximately 0.6 ml./kg. of body weight. 
The use of hypertonic glucose advocated by 
the French investigators!® has also been 
tried, using large volumes and increasing 
the infusion time. This method is theoreti- 
cally based on improving liver function by 
increasing. glvcogen deposition. Improve- 
ment in opacification is minimal, and the 
increased time taken for the larger volume 
of infusion has to be weighed against the 
questionable degree of improved opacifica- 
tion. 

Itis the authors' opinion that in the ma- 
jority of cases increasing the dosage of con- 
trast medium and fluid volume does not 
significantly improve the examination. 
However, in the jaundiced patient, an at- 
tempt to achieve some degree of bile duct 
opacification with higher doses of contrast 
medium, longer infusion times, and higher 
volumes is warranted, although failure of 
visualization is still to be expected in many, 
depending on the severity of the jaundice. 

In our experience poor or no visualization 
means pathology, either hepatocellular dis- 
ease or obstruction in the biliary tract. 
Nonfilling of the gallbladder in the non- 
cholecystectomized patients means cystic 
duct obstruction provided the common 
duct is satisfactorily visualized and delayed 
roentgenograms are obtained. 


SUMMARY 


Thirteen years experience with infusion 
cholangiography including 1,600 patients 
indicates 1t to be the obvious method of 
choice in performing intravenous cholangi- 
ography. The method is safe, almost com- 
pletely free of untoward reactions, easy to 
perform, time saving, and makes this valu- 
able examination extremely convenient in a 
busy radiology department. Its advantages 
over the conventional method of direct 
injection are obvious. 

Utilizing larger doses of contrast me- 
dium, slower infusion times and larger vol- 
umes of infusing solution provide only a 
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minimal improvement in bile duct opacity 
and this must be weighed against the pro- 
longed time required to complete the exam- 
ination. 


Lawrence R. Cooperman, M.D. 
Department of Radiology 
Sequoia Hospital 

Whipple and The Alameda Streets 
Redwood City, California 94062 


The authors wish to thank Dr. Harry 
Fischer, Professor of Radiology, University of 
Michigan and Director, Department of Radiol- 
ogy, Wayne County General Hospital, Eloise, 
Michigan, for valuable suggestions. 
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PRIMARY HYPERPARATHYROIDISM AND ARTICU- 
LAR CARTILAGE CALCIFICATION* 


By WYLIE J. DODDS, M.D.,f and HOWARD L. STEINBACH, M.D. 


RTICULAR cartilage calcification 1s 
common in primary hyperparathy- 
roidism. Since Eklóf's case report!’ in 1952, 
increasingly 
aware of this association. Bywaters, Dixon, 
and Scott? noted calcification of joint 
cartilage in 4 of 19 patients with hyper- 
parathyroidism. Vix’? observed this asso- 


radiologists 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
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TABLE I 


reported in 22 


CASES OF HYPERPARATHYROIDISM AND CARTILAGE CALCIFICATION 
REPORTED IN THE MEDICAL LITERATURE 


(Group III) 


ciation in 2 of 21 patients, and Rickewaert 
et al.™ in 6 of 25. 

Primary hyperparathyroidism associated 
with joint cartilage calcification has been 
atients in sufficient detail 
to permit analysis (Table 1). Elsewhere in 
the literature, this association has been 
reported, but the cases have not been de- 


and the National Institutes of Health (GM 1272). 
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Cartilage Calcification Nitrogen Uric 
Author Case“ Toi Kid- hone (mg. per ric 
oint ed Acid 
and Sex Symptoms ney Sp - _itis cent) or Meer Proof 
Year Age i Stones| Wrist Knees Fibrosa | Creatinine Me pe 
= Other Clearance cen) 
R | LiEkE]EL (cc. / min.) 
Eklöf” I Knees and 
1952 F, 51 other joints Yes Jd | O Adenoma 
Hosking and II Ankles and Shoulders, 39 mg. 7.2 
Clennar® M, 57 right foot Yes + | + | pubic sym- o per cent and Adenoma 
1900 physis 6.0 
Zvaifler HH Hands, 5.6 
et al. F; 53 wrists, and No t-ictict T T and Adenoma 
1962 knees | 6.6 
IV | 
(3) Knees No T + T 72 mg. 6.7 | Adenoma 
F; 72 per cent 
V 
(4) Yes + | + + 84 mg. Normal | Adenoma 
Bywaters F, 70 per cent 
et alo 2 SS 
1963 VI Joint pain, Shoulders, 
(5) effusion + | + most other +- 58 mg. Normal 
F, 69 joints | per cent 
Vil Joint pain, | | 57 mg. 
(7 effusion J) ae ae Se | + per cent Normal 
| F66 | | | 
| VIII | Pain lower | 29 mg. is 
(1) extremities Yes | + | + | + | + | Shoulders | per cent and Adenoma 
F, 58 34 mg. 10.8 
| | per cent 
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Taste I—(continued) 
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Cartilage Calcification Nitrogen Uric 
Author Case* | Kid- | Oste- | (mg. per S 
]oint tse Acid er 
and Sex gin | ney | itis | cent) or | ndr el Proof 
Year | Age a Stones! Wrist | Knees | |Fibrosa Creatinine ` ke | 
i ——À |__| Other Clearance ee 
| R|LIR|L | (cc. /min.) 
Vix?? EX Pain, effu- Symphvsis, 7.8 
1964 (2) sion of Yes | + | + | + | + | pubis, hips 17 mg. | and Adenoma 
M, 41 knees, acute per cent 7.9 
arthritis of 
hand 
Aitken X Skeletal 190 mg. 
et ali F, 70 pain No + | + + per cent Adenoma 
1964 (postop- 
| erative) 
Hoskins!6 XI Pain and | 
1965 F, so swelling of No d pe T 64 mg. Adenoma 
knees per cent | 
Jackson and XII Gout, knees, 
Harris! M, 49 | ankles, big Yes + Oo 40-50 mg. | 7.0-11.0 | Adenoma 
1965 toes per cent 
Melvin and XIII Ankles, Shoulders, 
Fraser?! F, 65 wrists, knees | Yes | + | + | + | + | ankles, feet, o 44 mg. $52 Adenoma 
1966 interverte- per cent 
bral disk 
XIV 
(34) Knee Yes + | + | Shoulders, 27 mg. 3.6 Adenoma 
Currey F, $7 | hips, elbow per cent 
el al — | — | — - — — 
1966 XV 3.9 
(35) Many joints No + | + | + | + | Pubic sym- 40 mg. to 
F, 77 physis per cent 5.4 
XVI 
(9) Arthralgias + | + | Shoulders = 62 cc./ min. 2 i 
P, 73 | 
XVII Arthralgias, 2,0 
(12) effusion of + | + | Hips o =| 84 cc./min. to Adenoma 
F, 56 knee 4.6 
Rickewaert XVIII 
et al” (13) Arthralgias + | + | + | + | Diffuse + 
1966 F, 62 
XIX 
(14) Arthralgias + | + | + | + | Diffuse + 55 cc./ min. 8.6 
F, 59 
XX Arthralgias, 
(15) effusion of + | + | + | + | Diffuse (e 86 cc./ min. 4.7 
F, 51 knee 
XXI 
(16) None TFPI Aip o 
M, 63 
Bloch- XXII | Knee, left Cervical and "T. 
Michel F, 60 ankle and Yes | + | + | + | + | lumbar fe] Normal and Adenoma 
et als left elbow disks $.9 


1966 








* Number in parentheses is respective author's case number in literature. 
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scribed in detail,» 19.149.985 

To further evaluate the relationship be- 
tween primary hyperparathyroidism and 
joint cartilage calcification, we have re- 
viewed the cases of primary hyperparathy- 
roidism seen at our hospital. 


MATERIAL AND METHOD 


During a 16 year period extending from 
19:0 through 1966, approximately 140 
patients with primary hyperparathyroid- 
ism were hospitalized at the University 
of California San Francisco Medical Cen- 
ter. The diagnosis in nearly every instance 
was ultimately proved by surgery, or, in a 
few instances, by necropsy. The charts and 
roentgenograms of this group of patients 
were reviewed. Of these 140 patients, suit- 
able roentgen studies were available for 
evaluation in gr. In the rest of the group, 
roentgenograms of the skeletal system 
either had not been obtained or were un- 
available. The roentgenograms of these 91 
patients were carefully scrutinized for the 
presence of bone changes of hyperparathy- 
roidism and also for the presence of cartil- 
age calcification. Complete skeletal surveys 
had been obtained in 63 of the g1 patients. 


RESULTS 


Of the g1 patients surveyed, roentgeno- 
grams of 16 (Group 1) gave evidence of 
calcified cartilage (Table 11). No cartilage 
calcification was detected in the remaining 
75 patients (Group 11). The 22 cases re- 
ported in the literature have been desig- 
nated as Group 111 for purposes of compari- 
son. 

As shown in Table 111, the sex ratio for 
Group 1 was 3:1, females predominating, 
which was comparable to the 4:1 ratio in 
Group 111. This is the expected sex ratio in 
primary hyperparathyroidism. The mean 
age of Group 1 (57 years) 1s similar to that 
of Group 11 (60.3 years). The patients of 
Group 11, without cartilage calcification, 
were of a significantly lower mean age (48 
years). 

The incidence of roentgen findings of 
osteitis fibrosa was approximately 5o per 
cent in both our Group 1 patients and in the 
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cases reported in the literature (Group 111). 
In those patients without cartilage calcifi- 
cation (Group 11) the incidence of osteitis 
fibrosa was appreciably lower (27 per cent). 

As will be noted from Table 111, moderate 
or severe uremia was relatively uncommon 
in our Group I patients, whereas it was 
usually present in the Group 111 patients. 

The mean high serum calcium and mean 
low serum phosphorus values for the Group 
1 and Group 1 patients are listed in Table 
ut. By applving a confidence value of 
P .0s, no significant difference was noted in 
the mean serum calcium and serum phos- 
phorus for the 2 groups. 

Uric acid determinations, available in 
only 3 of the Group 1 patients, were all 
elevated. One of the patients (Case 11) had 
gout and uremia. In Group 11, uric acids 
had been measured in 14 patients and 
were elevated in 7; none of these had 
clinical gout. Uremia in most of the Group 
HI patients made evaluation of uric acid 
levels difficult. The serum uric acid was 
elevated in 3 of the patients, without sig- 
nificant uremia, however. 

Only 1 of the Group 1 patients (Case 11) 
presented clinical symptoms of arthritis. 
In this patient gout was substantiated by 
the presence of tophi. This finding was in 
marked contrast to the Group 11, patients, 
in which only 1 patient (Case xxi) was 
without clinical symptoms of arthritis. 

The cartilage calcification in the Group 1 
patients was most common in the knees and 
wrists. Roentgenograms of the knees were 
obtained in 14 of the patients and calcified 
cartilage was noted in 13. In 12 of these 13, 
the calcification was bilateral and involved 
both the menisci and hyaline articular 
cartilage. On routine roentgenograms the 
pattern of the calcification in the knees was 
often noted to be punctate and linear. All 16 
patients had had roentgenograms of the 
wrists. In 12, calcification of the triangular 
cartilage was present in the wrist, being 
bilateral in 9. In 5 of the 16 patients, the 
articular cartilage calcification involved 
multiple joints (Fig. 1, 7-D; and 2, .7-D). 
Only in 1 patient was calcification of the 
vertebral disks noted. This low incidence 


Vor. 104, No. 4 Primary Hyperparathyroidism 887 


Tapie II 
CASES OF HYPERPARATHYROIDISM AND CARTILAGE CALCIFICATION 
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* Lacking complete skeletal survey. 





of disk calcification is similar to that noted parathyroidism,! the present study demon- 
in the patients of Group m1. strates an 18 per cent incidence in g1 pa- 
tients with primary hyperparathyroidism. 
This incidence is similar to that reported by 

Although articular joint cartilage calci. several other authors.9?*?* In half of our 
fication has been reported as rare in hyper- patients with primary hyperparathyroid- 
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Tape Ill 
COMPARISON OF GROUPS I, H, AND IH 
- . Group III 
Group | Group II ug act 
: l icu (Patients with 
(Patients with (Patients without as 
l l Cartilage 
Cartilage Cartilage a Pd 
iwi m P RII A Calcification Reported 
Calcification) Calcification) ipae 
in Literature) 
Number 16 75 22 
Sex ratio (female to male) ni S. 521 att 
Mean age 
(years) y; 48 60.3 
Duration of symptoms 
(years) UN. Bid 7.8 
Osteitis fibrosa 8/16 20/75 10/18 
Uremia 2/16 6/39 [1/15 
Mean high serum calcium 
(mg. per cent) 14.4 13.6 
Mean low serum phosphorus 
(mg. per cent) 4.2 2.95 











ism associated with cartilage calcification, 
and in slightly less than one-half of those 
reported in the literature, osteitis fibrosa 
was not demonstrated on roentgenograms. 
Therefore, calcification of joint cartilage 
may be the only supporting evidence for a 
diagnosis of hyperparathyroidism. When 
roentgen evidence of cartilage calcification 
is revealed incidentally, primary hyper- 
parathyroidism and other conditions giving 
rise to secondary cartilage calcification 
should be excluded. 

Most of the patients with hyperpara- 
thyroidism and calcified joint cartilage 
reported in the literature had clinical 
manifestations of joint disease. The signs 
and symptoms included arthralgias, in- 
flammatory arthritis, and joint effusions. 
The onset of clinical symptoms was often 
provoked by parathyroidectomy. Occa- 
sionally, the symptoms persisted even 
after surgical correction of hyperparathy- 
roidism. It is possible that some of the 
calcium crystals contained in the cartilage 
migrate into the joint, producing an acute 
crystaline synovitis, such as may occur with 
gout or chondrocalcinosis polyarticularis 
(pseudogout).!"!" These two conditions 
must be included in a differential diagnosis 
and excluded if possible. The absence of 


roentgen evidence of regression of the carti- 
lage calcification after correction of hyper- 
parathyroidism and a return to the normo- 
calcemic state, has been stressed. In 
marked contrast to the patients reported 
in the literature, those of the present study 
with cartilage calcification (Group 1) were, 
with one exception, without history or 
clinical evidence of arthritis. Although we 
can offer no simple explanation for this 
discrepancy, the possibility exists that 
some patients reported in the literature 
may have had roentgenograms because of 
symptoms. At our institution an attempt is 
made to obtain skeletal surveys on all 
patients with suspected hyperparathyroid- 
Ism. 

Some authors have stressed an associa- 
tion between hyperparathyroidism and 
hyperuricemia,!?15:2122?75? [n some reports, 
as was the situation in our Case 11, hyper- 
parathyroidism was associated with gout. 
Impediment of renal excretion of uric acid 
by hypercalcemia has been postulated.” 
The relationships between hyperparath y- 
roidism, hyperuricemia, and cartilage cal- 
cification, however, remain incompletely 
understood. 

The mean age of 57 years in the Group 1 
patients with primary hyperparathyroidism 
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Fic. 1. Case xv. A 74 year old woman with symmetric 
angular cartilage of the wrist (4), the elbow ( B), the 
also present in the shoulders and pubic symphysis. 


and cartilage calcification was comparable 
to the mean age of 60 years of the Group II 
patients reported in the literature. It was 
significantly higher than that of the Group 
II patients without cartilage calcification, 
whose mean age was 48 years. The patients 
with joint cartilage calcification must be 
considered as having entered an age group 
in which degeneration of cartilage may 
occur. Bocher ef alt reported that in 7 
per cent of elderly patients with a mean age 
of 80, degenerative cartilage calcification 
took place in the knees. In a series of 202 
patients with a mean age of 69, however, 
the incidence of degenerative cartilage 
calcification of the wrist was only 2.§ per 
cent.” Joint cartilage calcification associ- 
ated with primary hyperparathyroidism is 
possibly related to hypercalcemia. The 
hypercalcemia undoubtedly is present for 
a period of months or years. As yet, joint 


generalized articular cartilage calcification in the tri- 
hip (C), and the knee (D). Cartilage calcification was 


cartilage calcification has not been reported 
in association. with other types of hyper- 
calcemia, such as might accompany sarcoid, 
Hodgkin’s disease, myeloma, and meta- 
static carcinoma, These hypercalcemias are 
usually of shorter duration. Interestingly, 
in secondary hyperparathyroidism, in 
which hypercalcemia is not present, car- 
tilage calcification has not been observed: 
further observation is needed, however. In 
some patients with advanced renal disease, 
joint cartilage calcification may possibly 
be helpful in distinguishing primary from 
secondary hyperparathyroidism. Gradual 
alteration of cartilage matrix and collagen 
is a degenerative phenomenon with aging.” 
Cartilage calcification associated with hy- 
perparathyroidism is not simply a degen- 
erative calcification of cartilage. The altera- 
tion of cartilage concomitant with aging is 
postulated to create a favorable situation 
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Case xvi. A 77 year old woman with symmetric generalized articular cartilage in the wrist (4), the 


elbow (B), the shoulder (C), and the knee (D). The cartilage in the hips and several lumbar disks was also 


calcified. 


for cartilage calcification in the presence of 
prolonged hypercalcemia. This theory 
would explain the significantly higher mean 
age of the Group 1 and Group ri patients 
as compared with Group 11. It would also 
account for the much higher incidence of 
joint cartilage calcification in hyperpara- 
thyroidism than that expected on a de- 
generative basis alone. In our series, the 
records did not indicate that those pa- 
tients with cartilage calcification had had 
hyperparathyroidism of longer duration 
than those without such calcification. The 
possibility that parathormone might pro- 
mote alteration of articular cartilage, or 
that subcortical bone resorption might 
cause secondary changes in joint cartilage 
must also be considered. The mean age of 
our Group 11 cases was similar to that re- 


ported for other series of primary hyper- 
parathyroidism.?* 

The roentgen features of cartilage calcifi- 
cation associated with primary hyperpara- 
thyroidism and those of primary chondro- 
calcinosis are similar. In both situations a 
predilection for fibrocartilage over hyaline 
articular cartilage is noted. The knees and 
wrists are the joints most commonly in- 
volved, but the cartilage calcification may 
be generalized. McCarty et al,” and 
Parlee, Freundlich, and McCarty” have 
demonstrated that a correlation exists be- 
tween the roentgen appearance of calcified 
articular cartilage and the type of crystal 
involved. In primary chondrocalcinosis 
(pseudogout), which is associated with 
calcium pyrophosphate crystals, the calcif- 
cations are punctate and linear. These 
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calcifications are especially evident if type 
M industrial film is employed and are par- 
ticularly well appreciated in the knees. We 
have noted this type of calcification in most 
of our Group I patients, even with standard 
film. Possibly, in primary hyperparathy- 
roidism, calcium pyrophosphate crystals 
(CPPC) are present. Reports of crystaline 
analysis in instances of hyperparathyroid- 
ism and cartilage calcification are sparse 
and the evidence is conflicting. Aitken, 
Kerr, and Lloyd! studied crystal structure 
in postmortem material and found mostly 
CPPC. Rickewaert eż al. reported what 
they believed to be CPPC in 1 patient. 
Jackson and Harris, however, on analyz- 
ing the synovial fluid from a single patient 
noted mostly urate crystals and only a few 
CPPC. Currey e al.’ analyzed some crysta- 
line material which they believed to be 
calcium oxalate. Avioli, McDonald, and 
Singer? have stated that urinary excretion 
of pyrophosphate is increased in patients 
with hyperparathyroidism. Whether in- 
creased amounts of pyrophosphate lib- 
erated via bone resorption may play a role 
in cartilage calcification is unknown. The 
crystaline composition of the calcified 
cartilage associated with primary hyper- 
parathyroidism merits further study. The 
cartilage calcification associated with gout 
is nearly completely limited to the knees of 
patients with advanced tophaceous dis- 
ease. Its roentgen appearance is not 
punctate-linear, and CPPC are unlikely. 
Periarticular calcification was present in 
only 1 patient in Group 1 and is probably 
executed by a different mechanism. 


SUMMARY 


Joint cartilage calcification was found in 
16 of g1 patients (18 per cent) with primary 
hyperparathyroidism. The calcification was 
most common in the knees (menisci and 
articular cartilage) and in the wrists (tri- 
angular cartilage). 

The roentgen evidence of cartilage calci- 
fication in a patient with appropriate 
symptoms and clinical changes may lend 
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support to the presumptive diagnosis of 
primary hyperparathyroidism. 

A possible mechanism of cartilage calcifi- 
cation in primary hyperparathyroidism is 
discussed. 


Howard L. Steinbach, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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CAROTID ARTERIOGRAPHY IN THE DIAGNOSIS 
AND MANAGEMENT OF TUMORS OF THE 
CAROTID BODY* 


By JOHN A. GEHWEILER, M.D., and WILLIAM R. BENDER, M.D. 


DURHAM, NORTH CAROLINA 


UMORS of the carotid body (chemo- 
dectoma, nonchromaffin paragangli- 
oma) are rare, histologically benign tumors 
which occasionally exhibit malignant clini- 
cal behavior. These oncologic rarities have 
been of special interest to surgeons and 
pathologists since Marchand's? first. de- 
scription 76 years ago. In view of the high 
mortality and morbidity encountered fol. 
lowing surgical intervention, they have 
posed a difficult problem to the surgeon. 
The lack of correlation between the histo- 
logic appearance and the clinical behavior 
has perplexed pathologists for years. Un- 
fortunately, very little has appeared in the 
American radiologic literature about these 
fascinating lesions. This paper briefly 
reviews the subject and demonstrates the 
value of carotid arteriography in accurately 
diagnosing the tumor and aiding the sur- 
geon in the planning of the patient's man- 
agement and the proper surgical procedure. 
A recent review of all nonchromafün 
paragangliomas at the Duke University 
Medical Center revealed 3 cases involving 
the carotid body. All 3 of these cases were 
histologically benign, but 1 was clinically 
Invasive in bone. 


THE NORMAL CAROTID BODY 


In the year 1743, von Haller first. de- 
scribed the normal carotid body.? It is part 
of a vast, histologically identical, chemore- 
ceptor system throughout the body.* The 
small, £X3X2 mm. reddish-gray carotid 
body lies in the loose areolar tissue at or 
near the bifurcation of the common carotid 
artery.’ It is connected to the bifurcation 
by a fibrovascular band, the ligament of 
Mayer.*" The embrvologic origin of this 
tissue is still not definitely known, and 


the internal, external, and common carotid 
arteries provide its blood supply. 

The carotid body functions as a chemore- 
ceptor, and it is stimulated by changes in 
carbon dioxide and oxygen tensions as well 
as blood pH. In response to these changes, 
the carotid body is thought to alter vaso- 
motor activity and respiratory rate.S”! 

The carotid body is regarded as hormon- 
ally inert? since it does not contain chro. 
maffin granules in its cellular cytoplasm. 
Cells which do contain chromaffin granules 
in their cytoplasm, such as those in the 
adrenal medulla, secrete epinephrine and 
nor-epinephrine. Tumors arising from these 
cells in the adrenal medulla are referred 
to as chromaffin paragangliomas (pheo- 
chromocytoma). Recently Berdal e al? 
have reported an unusual hormonally ac- 
tive carotid bodv tumor. 

Histologically, the normal carotid body 
is composed of nests of chief cells, closely 
resembling epithelium. These cells vary in 
shape from round to spindle. A rich capil- 
lary network in a fibrous stroma surrounds 
the cells. This then is the basic histologic 
structure of all bodies of the chemoreceptor 
system. 


TUMORS OF THE CAROTID BODY 


In 1966, Staats e? al. stated that ap- 
proximately 500 cases of carotid body 
tumor had been described in the medical 
literature. Of these zoo cases, I7 were 
shown to have local metastases, while 
another 16 cases exhibited distant viscera] 
metastases, primarily to lung, liver, and 
bone.^ 

Clinically, the patient with carotid bod 
tumor may be entirely asymptomatic. 


Occasionally, cough, dysphagia, pain, 


* From the Department of Radiology, Duke University Medical Center, Durham, North Carolina. 


894 


hoarseness, and carotid sinus syndrome 
may be noted.?*!5?5 The patient may note 
a slowly growing mass in the neck over a 
period of months or years.? All age groups 
are affected, although most of the reported 
cases are in the third and fourth decades.” 
It is not unusual to find these tumors bi- 
laterally in the neck,^?:*?*? and they may 
occur simultaneously with other chemore- 
ceptor tumors such as glomus jugulare.*? 1^? 
There is no apparent sex predominance; +$ 
however, there is a strong familial ten- 
dencv.*5/7.24.25,27 

Physical examination may reveal a mass 
below the angle of the mandible, deep to 
the sternocleidomastoid muscle, near the 
carotid bifurcation. The skin is usually 
movable over the mass. Several authors 
report that the tumor mass has free lateral 
movement, with little or no vertical move- 
ment.*^?' Upon compression of the common 
carotid artery, the mass may decrease in 
size.’ A bruit or thrill may be noted. Trans- 
mitted pulsation, rather than expansile 
pulsation, is evident. The differential 
diagnosis includes aneurysm, branchial 
cleft cvst, neurofibroma, salivary gland 
tumor, and lymphadenopathy, such as 
metastasis from thyroid carcinoma or 
tuberculous lymphadenopathy. 

There is no correlation between histologic 
appearance and the biologic behavior of 
tumors of the carotid body.'*!* Histolog- 
ically, all of these tumors are considered 
benign even though tumor cells may be 
present in blood vessels and occasional mi- 
tosis is seen.!^? Romanski” carefully com- 
pared 2 clinically malignant carotid body 
tumors with 5 benign ones and could not 
find a pathologic difference; this has also 
been our experience in the 3 cases reported 
here. LeCompte" has divided tumors of the 
carotid body into 3 groups, including those 
that reproduce the normal structure quite 
faithfully: the common type, the adenoma- 
like tvpe, and the angioma type. 

The diagnosis of carotid body tumor can 
only be made preoperatively if it has re- 
ceived consideration bv the clinician. Two 
of our 3 cases presented with fairly typical 
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masses in the neck and these were diag- 
nosed preoperatively. The third case was 
quite unusual, and no thought was ever 
given to the ultimate diagnosis. 


REPORT OF CASES 


Case 1. B. H. J., a 45 year old Negro female 
was admitted to the Duke University Medical 
Center on November 6, 1961, with an 8 month 
history of a slowly growing mass in the left side 
of her neck. The patient also noted some swell- 
ing of the left side of her tongue. Examination 
revealed a 5X5 cm. pulsatile expansile mass in 
the exterior triangle of the neck on the left. A 
bruit was heard over this mass. A Grade 11 to 
111 aortic systolic murmur was heard suggestive 
of aortic stenosis. The clinical diagnosis was 
carotid artery aneurysm. 

Chest and cervical spine roentgenograms 
were negative. Left carotid arteriography (Fig. 
1, a and 4) revealed a 4X 5.5 cm. oval-shaped 
mass displacing the internal, external, and com- 
mon carotid arteries. A large network of fine 
vessels was contained within the mass. The 
roentgen diagnosis was carotid body tumor. 

At surgery, the mass was encountered some 
2 cm. caudad to the bifurcation of the common 
carotid artery. It extended cranially approxi- 
mately 5 cm. along the internal and external 
carotid branches. The tumor encircled all 3 
vessels completely. The entire tumor mass was 
dissected free, and the patient’s postoperative 
course was unremarkable. The pathologic diag- 
nosis was carotid body tumor. 


Case rr. B. T. L., a 53 year old white female 
was admitted to the Duke University Medical 
Center on February 24, 1960, with a chief com- 
plaint of fullness in the throat for 3 months. 
The patient had noted a gradually enlarging 
mass behind the angle of the mandible on the 
left for approximately 15 years. Over the pre- 
ceding 5 years she noted asymmetry of the soft 
palate with bulging on the left. 

Physical examination revealed a 2X3 cm. 
soft, pulsatile swelling at the angle of the man- 
dible on the left. Both a thrill and bruit were 
present. 

Left carotid arteriography (Fig. 2, a and 4) 
demonstrated a 6X4 cm. oval mass containing 
a large network of fine vessels. The tumor was 
located at the angle of the mandible and was 
intimately related to the carotid vessels above 
the carotid bifurcation. The external carotid 
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l'1G. I. (a) Anteroposterior view. (4) Lateral view. The left carotid vessels are all displaced b: 
y tumor. 


tumor mass which contains a vast network of fine vessels characteristic of carotid bod 
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Fic. 2. (a) Anteroposterior view. (4) Lateral view. The carotid body tumor is intimately connected to th: 
carotid vessels above the carotid bifurcation. The external carotid artery Is displaced posteriorly an 
laterally, while the internal carotid artery is incompletely visualized. 
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l'1G. 3. 
bodies is seen. There is an associated soft tissue mass which displaces the trachea laterally and anteriorly. 
Carotid arteriography was not performed in this case. 


artery was displaced posteriorly and laterally, 
while the internal carotid artery was incom- 
pletely visualized. The diagnosis was carotid 
body tumor. 

The patient was discharged without treat- 
ment in view of the slow growth of the lesion, 
the patient's age, and the extent of involve- 
ment. She has been followed at 6 month inter- 
vals to date without notable change. 


Case rr. L. S., a so year old Negro female 
was admitted to the Duke University Medical 
Center on May 25, 1964, for evaluation of a 
spastic paraplegia which had developed gradu- 
ally over the preceding year. No masses were 
found in her neck on physical examination. 
Roentgenograms of the cervical spine revealed 
extensive destruction of the C-6 and C-7 verte- 
bral bodies (Fig. 3, a and 4). No carotid arteri- 
ography was performed, since tumor of the ca- 
rotid body was not considered. 

An open biopsy revealed a large vascular 
mass distorting the regional anatomy and in- 
vading the C-6 and C-7 vertebral bodies. 
Frozen section and permanent sections of the 
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(a) Anteroposterior view. (7) Lateral view. Extensive destruction of the C-6 and C-7 vertebral 


tissue revealed carotid body tumor. During the 
postoperative period, a 3,000 r tumor dose was 
given to the left neck in a period of 15 days. At 
last report, the patient is still alive. 


DISCUSSION 


In 1951, Idbohrn reported the first case of 
carotid body tumor diagnosed preopera- 
tively by carotid arteriography." Common 
carotid arteriography is performed on the 
side of the tumor mass and roentgenograms 
are obtained in both anteroposterior and 
lateral projections. An additional antero- 
posterior roentgenogram of the cranial 
vessels should also be obtained during com- 
pression of the contralateral common ca- 
rotid artery in order to determine whether 
there is cross filling in the cerebral circu- 
lation. 

Carotid arteriography reveals a vast 
network of small vessels in a mass at or 
near the bifurcation of the common carotid 
artery. The internal and external carotid 
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arteries may be displaced, but they need 
not be compromised by the tumor mass. 
There should be no problem in differentiat- 
ing carotid body tumor from aneurysm: 
however, carotid body tumor may be 
difficult to distinguish from an angiomatous 
malformation in which widespread, ir- 
regular, varying-sized vessels are seen. The 
radiologist should provide the surgeon with 
the following information to aid in proper 
patient management: patency of the in- 
volved major vessels; the exact relationship 
of the tumor to the carotid vessels; tumor 
size and position—some of these are dumb- 
bell-shaped and enter the skull by a fora- 
men at the base of the skull; and assess- 
ment of cross filling of the contralateral ves- 
sels of the brain, should sacrifice of the 
internal carotid artery be necessary.!??9 [t 
also may be advisable to perform contra- 
lateral carotid arteriography, in view of the 
incidence of bilateral occurrence.? 

Metastases from tumors of the carotid 
body are exceedingly rare, actually less 
than 7 per cent of the reported cases. Ap- 
proximately one-half of the proven reported 
metastases have been to the regional lymph 
nodes. The remaining cases with metastases 
have been to distant viscera, including lung, 
bone, heart, and liver. 

The roentgen appearance of these metas- 
tases in lung is that of multiple vary- 
ing-sized nodules,^*!5 usually scattered 
throughout both lungs. Bone metastases 
may be either lytic or blastic in type.?? 

The preferred treatment of carotid body 
tumors is surgical excision with preserva- 
tion of the carotid vessels. Radiotherapy 
has been utilized in some cases but most 
have shown little or no regression in tumor 
size, ^: 25,27 


SUMMARY 


The carotid body is part of the vast 
chemoreceptor system of the body. Tumors 
of the carotid body are rare, histologically 
benign lesions which may exhibit malignant 
clinical behavior. Thev are situated in the 
neck at or near the bifurcation of the com- 
mon carotid artery. Neoplasm is the only 
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known pathologic lesion arising from the 
carotid body.’ 

The roentgen diagnosis of these tumors is 
made with the use of common carotid 
arteriography. Arteriography reveals a 
vast network of fine vessels in the tumor 
mass near the common carotid artery bifur- 
cation. To aid in planning the patient’s 
eventual management, the radiologist 
should provide the referring surgeon with 
certain information, including: the tumor 
size, position, relationship to the 3 carotid 
vessels, patency of the involved major ves- 
sels, and assessment of cross filling of the 
contralateral vessels of the brain, should 
sacrifice of the internal carotid artery be 
necessary. There should be no problem in 
differentiating carotid body tumors from 
aneurysm of a carotid vessel; however, care 
should be exercised in differentiating an 
angiomatous malformation where the ves- 
sels are irregular and of varying size. 
Metastases do occur in less than 7 per cent 
of cases. These may be to the regional 
lymph nodes or to distant areas such as 
lung, bone, liver, or heart. 


John A. Gehweiler, M.D. 
Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 27706 
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ROENTGENOGRAPHIC ABNORMALITIES IN 
PHENOTYPIC FEMALES WITH GONADAL 
DYSGENESIS* 


A COMPARISON OF CHROMATIN POSITIVE PATIENTS AND 
CHROMATIN NEGATIVE PATIENTS 


By LESLIE PREGER, M.B., HOWARD L. STEINBACH, M.D., PETER MOSKOWITZ, 


B.S.,+ 


A. LOIS SCULLY, M.D., and MINNIE B. GOLDBERG, M.D. 


SAN FRANCISCO, CALIFORNIA 


"EE purpose of this report is to present 
(1) the roentgen findings in a group of 
phenotypic females with gonadal dysgene- 
sis, and (2) our attempts to correlate the 
skeletal abnormalities with the nuclear 
chromatin content. 


TYPES OF OVARIAN DYSGENESIS 


Since 1938, when Turner? described 7 
females with sexual infantilism, webbed 
neck, cubitus valgus, and short stature, a 
spectrum of gonadal dysgenesis has been 
recognized, which ranges from females 
with the stigmata of Turner's syndrome to 
sexually immature but otherwise normal 
appearing females. Aside from laparotomy, 
such females are identifiable by analysis of 
nuclear chromatin bodies and by chromo- 
somal studies. 

Chromatin bodies, visible within the 
nuclei of peripheral cells of normal females, 
represent the inactivated X chromosomes 
of the sex chromosome pairs and are pres- 
ent in more than 20 per cent of cells. Fewer 
than 2 per cent of the peripheral cells of 
normal males contain chromatin bodies 
because they lack a second X sex chromo- 
some and their Y chromosome is not vis- 
ible; these cells are classified as chromatin 
negative." 

In females with Turner's syndrome, the 
cells are similarly classified ‘chromatin 
negative” (XO) because of the absence of a 
second X chromosome. Turner’s syndrome 
occurs in about 1 of 4,000 females. 
Chromosome analysis of other phenotypic 


females with gonadal dysgenesis shows 
either one defective X chromosome, or vari- 
ous cell populations with differing abnor- 
malities of the X chromosome or an absent 
X.’ These cases are called mosaics;? their 
chromatin content usually ranges from 
between 2 to 20 per cent. The abnormalities 
of the X chromosome that may be observed 
include deletion of a long or short arm, 
duplications of long or short arms, ring 
formations, excess numbers, or complete 
absence of the sex chromosome. 

Thus, the major group of patients with 
ovarian dysgenesis may be placed in 2 
groups: (1) the classical Turner's syndrome 
in which an XO karyotype is present and 
is therefore classified as chromatin-nega- 
tive; and (2) the chromatin-positive group, 
those patients who have, in varying pro- 
portions, a second X chromosome. 

The phenotypic males and females de- 
scribed by Baker eż al.’ are not included in 
the classification of Turner’s syndrome 
since they have a normal karyotype. The 
changes in these patients include short 
stature but an otherwise normal skeleton, 
webbed neck, congenital heart disease (but 
not aortic coarctation), and no renal 
abnormalities. We have also not considered 
the "male" Turner's syndrome in this dis- 
cussion: the phenotypic males with short 
stature, a webbed neck, and testicular 
hypoplasia." 


MATERIAL 


Previously, Goldberg eż 4/J5 surveyed 
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clinically 87 phenotypic females with 
gonadal dysgenesis at the University of 
California San Francisco Medical Center. 
The criteria for inclusion in that survey 
were culdoscopic, surgical, or necropsy 
evidence of “‘streak” or absent gonads, or a 
minimum of 3 characteristics. These were: 
(1) short stature (adult or predicted adult 
height of less than 5 feet); (2) sexual infan- 
tilism; (3) webbed neck or other congenital 
abnormalities compatible with Turner's 
syndrome; (4) elevated urinary gonado- 
tropins; (5) negative nuclear sex chromatin; 
and (6) XO karyotype, or other abnormali- 
ties of the sex chromosome pattern. 

The roentgenograms of 51 of these pa- 
tients were available and form the basis of 
the present report. The ages of the patients 
ranged from 3 weeks to 5o years at the time 
of latest roentgen examination. The age 
distribution in those with full bone surveys 
was: younger than Io years, 3 patients; IO 
to 20 years, 21 patients; more than 20 
years, I2 patients. 

Eighteen patients were classified as 
chromatin-positive, since more than 20 
per cent of the buccal cells contained Barr 
bodies. The karyotypes of the chromatin- 
positive patients were described by Gold- 
berg eż al!® The most common types were 
XO/XX mosaic (4 patients), an isochromo- 
some of the second X (3 patients), and a 
mosaic XO/XX with an isochromosome of 
the second X (3 patients). 


RESULTS 


'The roentgenologic changes were cor- 
related with the nuclear chromatin content 
(Table 1). They are described in the fol- 
lowing discussion. 


DISCUSSION 


GROWTH AND MATURATION 

Poor skeletal growth was manifest clin- 
ically, in that 79 of 87 patients were short. 
The age of skeletal maturation was based 
on an assessment of the ossification centers, 
the degree of modelling, and union of the 
epiphyses and apophyses.^ Main reliance 
was placed on roentgenograms of the hand 
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obtained before the age of 20 vears, sup- 
plemented, when necessary, by informa- 
tion from the roentgenograms of the pelvis 
and knee. Accuracy could have been in- 
creased in all patients bv a simultaneous 
posteroanterior roentgenogram of the hand, 
an anteroposterior study of the foot, and 
a lateral studv of the knee, but this was not 
feasible in a retrospective studv.^ The 
known difficulties, due to absence of 
marked developmental changes, in the 
determination of bone maturation, accord- 
ing to the standards of Greulich and Pyle’® 
for ages 7 to II years, were accepted. 
Fortunately, only 3 patients fell into this 
group. The age of wrist maturity was 
assessed by two observers whose assess- 
ments agreed. We found, as did Acheson 
and Zampa, little difference between the 
estimates of individual observers. A criti- 
cism of our data is that reliable records of 
estrogen therapy were not available and, 
hence, this aspect had to be disregarded. 
Figure 1 shows that in one group of pa- 
tients bony maturation was arrested at a 
skeletal age of about 12 to 13 years. This 
arrest was corroborated in other reports. ?' 
Thus, after the expected age of puberty, 
skeletal maturation lags behind chronologic 
age. The number of patients available 
before the expected age of pubertv was 
insufficient to draw conclusions, but Van 
der Werff Ten Bosch?! has shown that ma- 
turation, as judged by the presence and 
modelling of epiphyses, approaches normal. 
No valid difference in bone growth and 
maturation could be seen between chroma- 
tin-positive and chromatin-negative pa- 
tients in our series. 

'The application of the criteria of Greu- 
lich and Pyle,'® based on presence and 
modelling of epiphyses, for assessment of 
skeletal maturation, has been criticized by 
Garn, Rohmann, and Silverman’ in that 
epiphyses follow an irreversible scheme of 
maturation. Thus, the number and shape 
of epiphyses never return to the appear- 
ance of an earlier chronologic age should the 
steroidal environment change unfavorably. 
Garn et al.’ showed that cortical thickness 
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CORRELATION OF ROENTGENOLOGIC CHANGES WITH NUCLEAR CHROMATIN CONTENT 


























Chromatin-negative Chromatin-positive 
Patients Patients 
Skull 
Parietal thinning 4/22 2/8 
Sellar volume 0,2 to I.I cc. 0,2 tO TO ce. 
21 patients) (7 patients) 
‘lat frontal bone 10/27 qe 
Spine 
Vertebral fusion 2/40 2/10 
Scoliosis 11/25 8/9 
Scheuermann's disease 12/26 10/13 
(Ages 15 to So yr. (Ages 12 to 47 yr. 
with a mean of 29 yr.) with a mean of 23 yr.) 
Osteoporosis 14/26 11/13 
(Ages 10 to £4 yr. (Ages II to So yr. 
with a mean of 22 yr.) with a mean of 30 vr.) 
Pelvis 
Protrusio acetabuli 7/35 2/12 
Fusion of hip and sacroiliac joints 0/35 1/19 
Osteoporosis 5/30 1/12 
Upper Extremity 
l'usions of carpal bones 2/29 2/11 
Radiocarpal angulation 8/29 o4 T3 
Carpal angle 108 to 150° 10g to 140° 
(mean 129°) (mean 129°) 
(23 patients) (11 patients) 
Drumstick phalanges 10/27 7/11 
Femora and Tibiae 
Osteoporosis 11/26 3/8 
Mushroom deformity with depression 
of medial tibial condyle 25/26 11/12 
Exostosis of tibia 16/25 L/4 
Feet 
Pes cavus 8/21 4/7 
Fusion of tarsal bones 3/22 3/6 
Fusion of phalanges 6/22 1/6 
Short fourth metatarsals 9/22 4/7 
Kidney 
Horseshoe 5/12 a/15 
Bifid pelvis 1/12 I/3 
Malrotation, left 3/12 
Malrotation, right 3/12 
Mesenchymoma (retroperitoneal) 1/12 


Reduplication of ureters 4/12 1/13 








902. 


SKELETAL MATURATION 
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lic. 1. Delayed skeletal maturation is evident 


after the expected age of puberty. Sufficient data 
prior to expected age of puberty were not avail- 
able. 


in a tubular bone is a preferred parameter, 
since it is reversibly alterable in malnutri- 
tion, hyperparathyroidism, and gonadal 
dysgenesis. In normal pubertal girls, an 
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Fic. 2. Metacarpal cortical thickness, determined 
by measuring the difference between the width of 
the midshaft of the second metacarpal and that 
of the medullary cavity. The data reflect the lack 
of endosteal apposition of bone after expected 
age of puberty. 
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endosteal apposition of bone 1s associated 
with reduction in the size of marrow cavity. 
These changes are lacking when puberty 1s 
absent, as in ovarian dysgenesis. Figure 2 
shows the reduced cortical thickness as 
measured in the second metacarpal in our 
series. The reduced cortical thickness 
becomes more apparent in the postpubertal 
age groups. Contributing to this reduced 
cortical thickness is reduced outer apposi- 
tion, although this is less important. No 
difference in cortical thickness could be 
discerned between chromatin-positive and 
chromatin-negative patients. 


FUSION OF BONE 


Bone fusion is seen in many conditions 
other than ovarian dysgenesis. In our group 
it was seen in the hip and sacroiliac joints 
(Fig. 3), carpus (Fig. 4), sternum (Fig. 5), 
spine ( Fig. 14), and tarsus and phalanges of 
the hands and feet. Nonseparation of 
centers of carpal ossification is seen in up to 
9.5 per cent of certain Nigerian females." 
The same abnormality is noted in arthro- 
gryposis multiplex congenita, in the Cor- 
nelia de Lange syndrome, in bird-headed 
dwarfs, in the oto-palato-digital syn- 
drome,” and in infants born to mothers 
who attempted abortion through aminop- 
terin. Carpal fusion into a single massive 
carpal bone is seen in the Ellis-van Creveld 
syndrome of chondroectodermal dysplasia.” 





lic. 3. Fusion of hip and sacroiliac joints in a 47 
year old patient (bladder opacification is from 
intravenous pyelography). 
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Acquired carpal fusion is seen in rheuma- 
toid arthritis and dermatomyositis. In most 
Caucasian groups, the incidence of carpal 
fusion is usually around o.1 per cent.’ We 

found one example each of lunate- trique- 
tral, trapezoid-c capitate, and trapezium- 
tr apezoid fusion in a series of 40 roentgeno- 
grams of the hands in our patients. Our 
serial roentgenograms were insufficient for 
judging whether fusion of separate carpal 
bones had occurred, or, as is more likely, 
whether 2 bone ossification centers de- 
veloped in a cartilaginous anlage of twice 
the normal size. These 2 centers presum- 
ably fused. In 1 patient (Fig. 6, 4, B and 
C), one cartilaginous anlage with 2 bone 
ossification centers, which later fused, 
seemed probable. The single patient with 
hip and sacral fusion (Fig. 3) was the most 
extreme example of fusion that we found, 
both in our own group and in the relevant 
literature. Talocalcaneal fusion was found 
in 4 patients. The distal interphalangeal 





liG. 5. Lateral view of a fused 
sternum, which may be pres- 
ent also in trisomy 18-21 and 
cyanotic congenital heart 
disease. 


joints of the foot or hand were fused in 1c 
patients, the fifth toes being most com- 
monly involved. Phalangeal fusion in the 
feet may be seen in a high | proportion of 
normal persons, in psoriatic arthritis, anc 
in Talbott fingers. Vertebral fusion will be 
discussed with the findings in the spine. 


RADIOCARPAL ANGLE 


A characteristic angulation of the distal 
radius and ulna is seen in a minor itv of both 
the chromatin-positive and chromatin 
negative patients (Fig. 7; and 8). This de. 
formity is the result of defective growth and 

early fusion of the inner half of the distal 
radial epiphysis. It is seen in dyschondro- 
steose (the Leri-Weill syndrome), Made- 
lung's deformity, and many unrelated 





Fig: Fusion of lunate and triquetral bones, ab- ; 
ide shape of distal phalanx of thumb, and Conditions, e.g., the Hunter-Hurler Syn- 


drumstick terminal phalanges. drome, Ollier’ s disease, hereditar y multiple 
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Fic. 6. Development of short fourth metacarpal and 
fused trapezium and trapezoid. (4) Chronologic 
age, 2 years g months; skeletal age 2 years 3 
months. Epiphysis of the fourth metacarpal head 
is already fusing with the shaft. (5) Chronologic 
age, 4 years g months; skeletal age, 4 years 3 
months. Epiphysis of the head of the fourth 
metacarpal has fused with the shaft. Ossification 
centers for trapezium and trapezoid are present. 
(C) Chronologic age, 10 years; skeletal age, g to 
to years. Premature fusion of fourth metacarpal 
epiphysis has resulted in a short shaft. The 
trapezium and trapezoid are fused. The open 
weave of cancellous bone indicates osteoporosis. 


exostosis, and multiple epiphyseal dys- sis. Although in some patients of our series 
plasia. the angle was reduced as low as 108^, the 
mean for both the chromatin-negative and 
chromatin-positive was 129^, very near the 

The proximal carpal row can be made to normal mean. Angles of less than 120° were 
define an angle if tangents of the scaphoid- obtained in 6 of 23 of the chromatin-nega- 
lunate and triquetrum-lunate peripheries tive patients and in only 1 of 11 of the 
are drawn. [n normal subjects, a mean chromatin-positive patients. The angle 
value of 131.5? was obtained.” Kosowicz” becomes reduced in conformity with the 
reported the carpal angle markedly reduced radiocarpal angle. Thus, an obvious angu- 
in half of his patients with gonadal dysgene- lation of the distal carpal angle was present 


CARPAL ANGLE 
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more frequently in the chromatin-negative 
patients (8 of 29) than in the chromatin- 
positive patients (2 of 11). The angulation 
of the distal radius and ulna increases with 
age. 
OTHER HAND SIGNS 

Ihe metacarpal sign? (Fig. 6; 7; and 8), 
a relatively shortened fourth metacarpal 
when compared to the third, is the result of 
severe intrinsic growth disturbance of the 
fourth metacarpal plus premature epiphy- 
seal fusion. It was present in 22 of 29 
chromatin-negative and 8 of 10 chromatin- 
positive patients, This sign is present oc- 
casionally in normal women as a trans- 
mitted familial trait, but is also seen in 
pseudohypoparathyroidism and pseudo- 
pseudohypoparathyroidism,*® in the basal 
cell nevus svndrome,! in dvschondrosteosis 
(middle segment dwarfism), and in 
many other conditions. No conclusive evi- 
dence exists that Turner's svndrome and 


P 





e LT 
fee oe 
i ew 


Lic. 7. The carpal angle is reduced and the distal 
radius and ulna are angulated. Osteoporosis and 
relative shortening of the fourth metacarpal are 
present. 
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lic. 8. The distal radius and ulna are angulate 
and osteoporotic. 


the above mentioned symptoms are re 
lated. Frequently, with gonadal dysgenesis, 
cutaneous pigmented nevi are present; 
several of our patients had basal cell 
epitheliomata. Gonadal dysgenesis is not a 
part of the basal cell nevus syndrome, al 
though ovarian and uterine fibromata have 
been reported.?? Fusion of the vertebral 
segments 1s seen in both gonadal dysgenesis 
and the basal cell nevus syndrome. 
Drumstick phalanges? (Fig. 4), enlarge 
ment of the head of the distal phalanges 
with a slender shaft, were noted in 10 of 27 
chromatin-negative patients and 7 of 11 
chromatin-positive patients. Assessment of 





A short fourth and a shorter fifth metacarpal. 
E piphysis of the fifth metacarpal is fused with th 
shaft. Some epiphyses are inset. 
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this sign 1s difficult and consistent roent- 
genologic results are not easily reproduc- 
ible. 

The previously mentioned survey?5 re- 
vealed that none of the chromatin-positive 
or chromatin-negative patients achieved a 
height of 5 feet, nor were the differences in 
heights of these 2 groups statistically sig- 
nificant. (Unfortunately, in 5 of 6 patients 
who attained normal height, chromosomal 
studies were not done. The results in the 
sixth case, 46 XX, were equivocal.) Growth 
hormone levels were normal in several of 
these cases.!! Since estrogens inhibit growth 
hormone,’ gonadal dysgenesis with its 
associated hypoestrogenism clearly could 
not be the cause of short stature. These 
patients are constitutionally short with 
height independent of the endocrine state. 
In childhood they grow at a slower than 
normal rate,” their height curves resem- 
bling those of primordial dwarts. 

The other components of skeletal de- 
velopment, 7.e., bone maturation, which 
includes the acquisition of adult shape (as 
opposed to size), and epiphyseal closure, 
are also retarded. 

Other minor skeletal signs in the hand, 
e.g., inset epiphyses, were noted sporadi- 
cally. They are regarded only as ancillary 
signs since they appear also in normal sub- 
jects and in patients with peripheral dys- 
ostosis and the Ellis-van Creveld syndrome. 


KNEES 

Kosowicz??! has described characteristic 
changes in the knee in Turner's syndrome. 
These consist of medial projection and en- 
largement of the metaphyseal portion of 
the tibial condyle, an accessory ossification 
center for the tibial epiphysis, exostosis of 
the medial tibial condyle, and depression of 
the enlarged tibial metaphysis and asso- 
ciated portion of the epiphysis. The medial 
femoral condyle becomes larger and extends 
lower than normal because of the tibial 
plateau and metaphyseal depression. These 
changes are age-dependent, the metaphy- 
seal medial enlargement and even exostosis 
produced in childhood. After about the 
age of 14 years, the epiphysis overhangs 
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and encloses the deformed metaphysis 
medially. In Blount’s disease (tibia vara), 
the degree of genu varum is greater and 
exostosis 1s absent. 

Characteristic deformities of the medial 
tibial and femoral condyles (Fig. 10, 47 and 
B) were present in 25 of 26 chromatin- 
negative patients of our series and in 11 of 
12 chromatin-positive patients. Clear-cut 
exostotic growths, however, were seen in 
only 1 of the 12 chromatin-positive pa- 
tients, but in 16 of 25 chromatin-negative 
patients. Fibular exostotic lesions were 
seen occasionally (Fig. 11), and 1 patient 
had a radial exostosis. The separation of 
those patients with a clear-cut exostosis of 
the medial tibial metaphysis from those 
with a mushroom.like bulging of the medial 
tibial metaphysis is difficult, but appears 
significant. 

OSTEOPOROSIS 


Osteoporosis in Turner's syndrome has 





10. (4) A typical knee deformity prior to 


FIG. 
epiphyseal fusion: medial projection of the 
metaphysis and epiphysis produces an exostosis, 
the medial tibial plateau and metaphysis are de- 
pressed, and the medial femoral condyle is large. 
(B) Typical knee deformity after epiphyseal fu- 
sion: bilateral exostosis, medial tibial plateau de- 
pression, and large medial femoral condyles. 
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long been recognized. It is seen roentgeno- 
graphically both in the axial and appendic- 
ular skeleton and in the calvarium, too, 
where it is manifested bv parietal thinning. 
Its cause is obscure. Since it occurs in 
children with Turner’s syndrome, hypoes- 
trogenism is unlikely to be the cause. The 
severity of osteoporosis does increase with 
age, and in the older patients, impaired 
ovarian secretion may be partly respon- 
sible. Compared with other congenital forms 
of osteoporosis, e.g., osteogenesis imper- 
fecta, the reduction of the calcified matrix 
IS minimal and fractures are rare. Only 
fracture was seen in our group. 

The roentgenographic assessment of os- 
teoporosis has been discussed previously 
by Steinbach.? In the patients of the 
present report, we looked for the following 
signs: reduction in the number of bony 
trabeculae in areas of cancellous bone, e.g., 
in the wrist area; retention of stress tra- 
beculae in the proximal femora; and reten- 
tion of vertical stress trabecula in the verte- 
brae, which indicates the resorption of 
thinner horizontally arranged trabeculae. 
In the femora, 11 of 26 chromatin- negative 
patients and 3 of 8 chromatin-positive 
patients had osteoporosis. The identifica- 
tion of osteoporosis in the pelvis was more 





lic. 11. Large fibular exostotic growth is present. 
Tibial deformity is minimal. 
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Lateral roentgenogram of the skull shows 
abnormal thinning in the upper portion of the 
parietal bone. 


FIG. 12. 


difficult. In the spine, it was identified in 14 
of 26 chromatin-negative patients and in 
II of 13 chromatin-positive patients. Sur 
prisingly, the grosser signs of vertebral 
osteoporosis, biconcave vertebrae, and ver- 
tebral fractures, were absent. The ancillary 
signs of osteoporosis, deficient callus pro- 
duction, and ini appropriate underdev elop- 
ment of osteophytic spurs with advancing 
age, could not be assessed owing to the 
paucity of fracture and the younger age 
group. The search for 
basilar invagination, 2 findings i In congeni. 
tal osteoporosis of the osteogenesis imper- 
fecta type, was unsuccessful. Parietal 
thinning (Fig. 12), a not common 
manifestation of osteoporosis of old age, 
was present 1n 4 of 22 chromatin-negative 
patients and 2 of 8 chromatin-positive 
patients. Roentgenograms of all these pa 
tients showed osteoporosis. Their ages were 
1I, 22, 48, 49, 50, and £4 years at the time 
of skull roentgenography. The association 
of parietal thinning with eunuchism?' js 
known. Parietal thinning may be iciop: ithic, 
either unilateral or bilateral, but is usually 
the latter. 

The osteoporosis of Turner’s syndrome is 
irreversible with present methods of treat 
ment. 


large sinuses and 


too 


SPINE 
Osteoporosis, manifested by prominence 
of the vertebral stress trabeculae together 
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intervertebral disk spaces, were found in 
14 of 26 chromatin- negative and 11 of 13 
chromatin-positive patients ( Fig. | 3). hv 
poplasia of the first cervical vertebra, de- 
scribed by others? was not seen in our pa- 
tients. Vertebral fusion was present in 2 of 
40 chromatin-negative and 2 of 10 chroma- 
tin-positive patients; in each case the 
cervical spine was involved (Fig. 14). 
Fusion occurred once at the level of the first 
and second cervical vertebrae, twice at the 
second and third cervical vertebrae, and 
once at the third and fourth cervical verte- 


SKULL 

Parietal thinning has been described 
(Fig. 12). The sellar volume in our patients 
was measured by the method of DiChiro 
and Nelson.? In 21 chromatin-negative 
patients it ranged from o.2 to 1.1 cc., and 
chromatin-positive patients from o.2 
to 1.0 cc., both normal ranges. A small 
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FIG. 13. Osteoporosis (prominent vertical tra- 


beculae, thin cortices), Schmorl's nodes, and an- 
terior vertebral wedging in a ṣo year old patient. 


with a reduced number and greater spacing 
of the thinner horizontal trabeculae, has 
been mentioned. As expected, osteoporosis 
is more easilv assessed in cancellous bone, 
e.g., in the vertebrae and in the ends of the 
long bones, than in diaphyseal compact 
bone. 

The association of scoliosis and kyphosis 
is well known in Turner's syndrome, and 
in our retrospective studv 1t was common, 
appearing in 11 of 25 chromatin-negative 
and 8 of g chromatin-positive patients. In 
some of the patients, however, the scoliosis 
may have been positional. We noted a high 
incidence of abnormalities of the vertebral 
cartilaginous end-plates (Schmorl's nodes) 
and epiphyseal rings (Scheuermann's dis- 
ease). We accepted Begg's theory? that the 
nuclear herniation into the vertebral sub- 
stance leads to abnormal stress on the 
anterior portion of the epiphyseal ring (the 
posterior portion is protected by the articu- 
lar joints) and, hence, to anterior vertebral 
wedging. The combined features of 
Schmorl’s nodes, anterior vertebral wedg- 
ing, and irregular vertebral end-plates and 


sella is an often reported finding in Turner’s 
syndrome.” This finding is based solely on 
area measurements obtained from the 
lateral roentgenograms of the skull. In 





FIG. 14. Fusion of the third and fourth 
cervical vertebrae. 
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our patients the volume of the sella turcica 
was normal; the discrepancy in measure- 
ment of area and volume is explained by 
the greater width of the sella turcica in 
Turner's syndrome.*! Fisher and DiChiro™ 
found a normal sellar volume in 19 patients 
with gonadal dysgenesis. A previously un- 
recorded finding was an over-all tendency 
to brachycephaly; in 10 of 27 chromatin- 
negative patients and 3 of 7 chromatin- 
positive patients, the lateral view of the 
skull showed flattening of the frontal bone 
(Fig. 15). 
PES CAVUS 

This deformity was surprisingly com- 
mon, being present to various degrees in 8 
of 21 chromatin-negative and 4 of 7 chro- 
matin-positive patients. 


KIDNEYS 
Renal anomalies were more common in 
the chromatin-negative patients (Table 1). 
Horseshoe kidneys and malrotation were 
common in our group as in other recorded 
: 91.99.32 
series. ?.:29, 


CONGENITAL HEART DISEASE 


A full roentgenographic investigation of 
the heart was not made. Coarctation of the 
aorta was present in 5 patients, all chroma- 
tin-negative, and 1ts absence in the chroma- 
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15. Frontal flattening (brachycephalic skull) 
and a small lateral area of the sella turcica but 
normal volume. 


FIG. 
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tin-positive patients is noteworthy. Cardiac 
anomalies were less common in the chroma- 
tin-positive group. Other anomalies in the 
chromatin-negative group included aortic 
stenosis (2 patients), anomalous pulmonarv 
venous return (2 patients), dextrocardia, 
bicuspid aortic valve, anomalous right 
subclavian artery, and hvpoplastic aorta. 
An interatrial septal defect was present in 
the single, chromatin-positive patient with 
congenital heart disease. 


SUMMARY 


An analysis of roentgenographic changes 
in Turner’s syndrome revealed that man: 
were common in both chromatin-negative 
and chromatin-positive patients. An excep- 
tion in this series was aortic coarctation, 
which was restricted to the chromatin- 
negative patients. Tibial exostosis 
much more common also in this group, and 
was seen in only one chromatin-positive 
patient. 


Was 


Leslie Preger, M.B. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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MOUNT FOR 70 MM. FILM* 


By CLYDE M. WILLIAMS, M.D., and JURI V. KAUDE, M.D. 


GAINESVILLE, FLORIDA 


WwW the improvement of image inten- 
sifiers, 70 mm. roll film cameras, the 
film itself and the facilities for processing, 
it has become evident that much of the 
“spot filming” formerly done with a large 
film can be done with a 70 mm. film, to say 
nothing of rapid serial filming during such 
procedures; 7.e. examination of the esopha- 
gus during the act of swallowing. 
The viewing and, particularly, the filing 





of roll film is inconvenient, and while sev- 
eral types of film mounts are commercially 
available, none that we have seen meets our 
particular needs. 

This paper presents a film mount de- 
signed by ourselves and manufactured for 
us by a manufacturer of x-ray accessories* 
(Fig. 1). It consists of a unit having exactly 


* Radx Corp. P. O. Box 19164, Houston, Texas. 
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F16. 1. Mount loaded with 5 strips of 70 mm. film having 5 frames to the strip. 


* From the Department of Radiology, University of Florida, Gainesville, Florida. 
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the dimensions of a 14 inchX 17 inch x-ray 
film, and possessing sufficient stiffness so 
that it can be slipped on and off view boxes, 
projected with an overhead projector and 
stored in envelopes, just as x-ray film 1s 
handled and stored. 

'The mount is made of 2 sheets of 0.005 
inch clear plastic each measuring 14 inches 
x17 inches fastened together by 6 parallel 
strips of bonding material so as to provide 
5 pockets, each 3 inches wide and 14 inches 
long. Top and bottom double bonding 
strips are 1 inch wide, the other 4 strips are 
1 inch wide. The loading of film strips into 
the pockets is carried out most easily on a 
flat horizontal surface with the aid of a thin 
plastic spatula. 

The processed roll film is cut into strips 


Clyde M. Williams and Juri V. kaude 
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of 5 frames each, following which a film 
clerk loads it into the pockets of a mount. 
If one wishes to do so, he may provide 
clerks with rolls of 7o mm. black paper for 
filling gaps in a holder when it is to receive 
less than its full capacity of 25 frames, but 
we have not found it necessarv to do this. 
The full mount will accommodate 25 
"frames." The double bonding strips be- 
tween each frame are designed so that thev 
can be cut easily with scissors or shears to 
make any desired number of frames (7.e., 5, 
10, I$, OF 26). 


Clyde M. Williams, M.D. 
Department of Radiology 
University of Florida 
College of Medicine 
Gainesville, Florida 32601 
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THE SIXTY-NINTH ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


HE Sixty-ninth Annual Meeting of the 

Americal Roentgen Ray Society was 
held in New Orleans, Louisiana, "the city 
that care forgot," at the Jung Hotel, from 
Tuesday, October 1 through Friday, Octo- 
ber 4, 1968. 

The meeting was called to order at 8:30 
A.M. Tuesday by President C. Allen Good 
of Rochester, Minnesota. He introduced 
Dr. Willoughby Kittredge, President of the 
Orleans Parish Medical Society, who in 
warm words welcomed the Society to New 
Orleans and wished a successful and most 
enjoyable meeting. 

After the Address of Welcome, Dr. Good 
described to the already large audience, 
using beautiful lantern slides in color for 
illustration, the symbolic Pfahler gavel, 
“fashioned from a mastodon's tooth re- 
covered from Alaskan glacial ice," and the 
working Erskine gavel made from mem- 
orabilia of Róntgen, Coolidge and Snook. 

Dr. Good then with the aid of Seymour 
F. Ochsner, Chairman of the Executive 
Council, New Orleans, Louisiana, installed 
Dr. Stephen W. Brown, Augusta, Georgia, 
as the new President of the Society and 
awarded him the traditional Gold Medal of 
“President of the American Roentgen Ray 
Society." 

As part of this ceremony incoming Presi- 
dent Brown presented to outgoing Presi- 
dent Good the Past Presidents’ Book, in- 
scribed with his name and containing a list 
of all Past Presidents, as well as photo- 
graphs in color of the Pfahler and Erskine 
gavels. 

Concluding the official installation, Presi- 
dent Brown gave his Inaugural Address 
titled "Forward" which is published in 
full as the leading article in this issue of the 


JovRNAL. In his Address President Brown 
emphasized that this year's program of the 
Society has as its theme Postgraduate Edu- 
cation in Integrated Radiology, meaning “the 
combination of Diagnostic Radiology, 
Therapeutic Radiology and Nuclear Medi- 
cine." 

"During the years," said President 
Brown, "several of the Presidents have com- 
mented on the danger of fragmentation of 
radiology and the changes in the practice 
of radiologv, because of the impact of 
federal and third party insurance programs, 
and the lack of identification of the radi- 
ologist by the patient. Through the efforts 
of this Society and other Societies in Post- 
graduate Education, the radiologist has 
pursued a course of excellence and has 
identified himself both with his fellow 
phvsicians and patients. We have found 
our image as radiologists and practitioners 
in medicine to be steadily improving." 

As the patient has become more knowl- 
edgeable about medicine, he has recognized 
the importance of excellence in radiology, 
for his whole course of care may depend 
upon the quality of Diagnostic Radiology, 
or his very life may depend upon the qual- 
itv of Therapeutic Radiology and Nuclear 
Medicine." 

“Forward is an inspiring term," con- 
cluded President Brown —''to describe the 
great progress of this Society in promoting 
Postgraduate Education in Integrated Ra- 
diology.”’ 

The First Scientific Session began at 9:10 
a.M., immediately following the Inaugural 
Ceremony, under the Chairmanship of 
President Brown. Eleven papers were pre- 
sented. Of these, 4 dealt with various as- 
pects of the radiographic diagnosis and 
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treatment of pulmonary emboli; 4 with the 
radiographic diagnosis of cardiac, myo- 
cardial and pericardial lesions; 1 with the 
protection of the kidney and small intestine 
during high dose therapeutic Irradiation, 
using an indwelling arterial catheter; 1 with 
the observation of a characteristic arthrop- 
athy in some types of pseudogout syn- 
drome; and 1 with the roentgenologic 
aspects of cervical percutaneous cordotomy. 
This latter paper, illustrated with beautiful 
color slides and motion picture, described 
a new technique for the introduction and 
placement of a high frequency current 
electrode designed to establish a lesion of 
controlled size and position in the antero- 
lateral portion of the cervical spinal cord 
for the relief of intractable pain. 

Tuesday evening at 8:15 p.m. the Cald- 
well Lecture was given by Dr. Juan M. 
Taveras, Professor and Chairman, Depart- 
ment of Radiology, Washington University 
School of Medicine, and Director, Mal 
linckrodt Institute of Radiology, St. Louis, 
Missouri. Dr. Taveras, who is known the 
world over as a foremost contributor to the 
science of Neuroradiology, presented a 
scholarly lecture profusely illustrated with 
pertinent informative slides. The title of 
his lecture was “Progressive Multiple In- 
tracranial Arterial Occlusions: A Syndrome 
of Children and Young Adults.” 

Dr. Taveras was introduced by equally 
renown Neuroradiologist, Dr. Ernest H. 
Wood, Professor of Radiology, College of 
Physicians and Surgeons, Columbia Uni- 
versity, and Attending Radiologist, Neuro- 
logical Institute, Columbia-Presbyterian 
Medical Center, New York, New York. 

At the conclusion of the lecture, Pres- 
ident Brown presented to Dr. Taveras the 
Caldwell Gold Medal, the highest award 
of the Society for meritorious scientific 
achievement. 

The Second Scientific Session was started 
at 8:30 A.M., Wednesday with Dr. J. Scott 
Dunbar, Montreal, P.Q., Canada, in the 
Chair. At this session 13 papers were pre- 
sented, of which 7 dealt with problems and 
diagnostic methods of vessels and lesions 
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of the brain, skull and orbit, and 1 with 
large volume pantopaquem velography. The 
other 5 papers included such varied sub- 
Jects as computarized operation in the 
Diagnostic Radiology Department, neu- 
tron radiograph in biological media, a new 
magnetic catheter for guided small vessels 
exploration, and 2 papers on radiation 
therapy. 

Wednesday at 1:30 p.m. the American 
College of Radiology gave “A Report from 
the American College of Radiology" with 
Dr. J. Frank Walker, Atlanta, Georgia, 
Chairman of the Board of Chancellors of 
the College, presiding. Dr. Walker spoke 
in detail on the pending "Radiation Con. 
trol Bill” and the “Licensure of X-Ray 
Technologists,” which “are today’s prob- 
lems and must be solved todav." Then, he 
introduced 4 additional speakers who dis- 
cussed the following projects of the College: 
Dr. Earl E. Barth, Chicago, Illinois, Chair- 
man of the Committee on International 
Affairs, "Planned Trip to the Twelfth In. 
ternational Congress of Radiologv, Tokvo, 
October 6—11, 1969;" Dr. John W. Beeler, 
Indianapolis, Indiana, Chairman of the 
College Council, “Growth and Fundamen- 
tal Changes of the Council;" Dr. Elias P. G. 
Theros, Washington, D. C., Chairman of 
the Committee of Self-Evaluation, “One 
Part of the Self-Evaluation Program." 
After demonstration of the film on “Cine. 
angiographic Study of Coronary Artery 
Disease," prepared by F. Mason Sones, Jr., 
the fourth speaker, Otha W. Linton, 
Director of Public Relations of the College, 
gave a brief description of Atlas of Tumor 
Radiology Project" and presented the 
first completed volume, “Tumors of Head 
and Neck" by G. H. Fletcher and B.S. 
Jing. 

The Third Scientific Session began at 
8:30 A.M. Thursday, with Dr. Seymour F. 
Ochsner, New Orleans, Louisiana, pre- 
siding. At this session again 13 papers were 
read, of which 6 dealt with topics of the 
gastrointestinal tract and appendages; ; 
were of pediatric interest; and the other 2 
were: Selective angiography in abdominal 
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emergencies, and clinical use of In", 
broad spectrum scanning agent for visual- 
ization of bodv organs. 

Thursday evening at 6:30 P.M. there was 
a Cocktail Partv, followed at 7:30 P.M. by 
the Annual Banquet in the Tulane Room. 
President Brown, after introducing the 
newlv elected officers, the guests, and their 
wives at the head table, presented the 
highly coveted awards to the winners of the 
scientific exhibits. This brief ceremony was 
succeeded by a magnificent program of 
entertainment, culminating in a gorgeous 
Mardi Gras pageantry and dancing. This 
indeed was a gala evening, in true New 
Orleans tradition. 

Friday morning the Fourth and last 
Scientific Session was started at 8:30 A.M. 
and was presided upon by Dr. Colin B. 
Holman, Rochester, Minnesota. At this 
session also 13 papers were presented. Of 
these, 4 were related to genitourinary prob- 
lems; 3 were papers dealing with radiation 
therapy; 2 with aspects of the lung; and 
the other 4 with such miscellaneous sub- 
jects as diabetic neuroarthropathy, pri- 
mary hyperparathyroidism and calcifica- 
tion of articular cartilage, pitfalls in the 
diagnosis of selective coronary arterlog- 
raphy, and rapid blood flow rates during 
routine selective arteriography: an applica- 
tion to television fluorodensitometry. 

The Instruction Courses, with Dr. Harold 
O. Peterson as Director and Dr. Donn G. 
Mosser as Associate Director, were the 
largest in number and the most instructive 
in the Society’s history, reflecting truly 
President Brown’s theme of the Meeting 
“Postgraduate Education in Integrated 
Radiology." 

'The Scientific Exhibits likewise reflected 
the same theme. They also were numer- 
ically the largest in the Society's history 
and their unusally high quality is attested 
to by the many awards that were made. 
Dr. Roy R. Greening and his Committee 
deserve the Society’s thanks for their un- 
tiring effort in assembling these exhibits. 
A detailed description of the Scientific 
Exhibits is given in the following pages of 
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this issue of the JOURNAL. 

The Technical Exhibits, which alwavs 
constitute an "integrated" part of the 
Annual Meeting, this year surpassed all 
former records in number, excellence and 
artistic display. They were assembled 
under the expert direction of Mr. Clifford 
L. Sherratt, Honorary Member, and Dr. 
James C. Cook, Manager of the Annual 
Meeting. An account of these exhibits with 
a detailed list of the exhibiting firms 1s 
published in the following pages of this 
issue of the JOURNAL. 

The Committee on Local Arrangements 
and the Ladies Committee, under the 
Chairmanships of Dr. and Mrs. Seymour 
Fiske Ochsner, respectively, arranged the 
most attractive social activities. There were 
comprehensive bus tours of the historic 
French Quarter with its famous Bourbon 
Street and the city as a whole; Champagne 
Breakfast at Brennan’s Restaurant; Lunch- 
eon at Commander’s Palace, with tour of 
the Garden District and visit at several 
historic homes and gardens; and boat trips 
with paddle wheeler Mark Twain on the 
Mississippi River and Louisiana Bayou 
Country. Because of the great popularity 
of the tours, nearly all of them had to be 
rescheduled on several successive days. 

On Monday, preceding the meeting, 
the Annual Golf Tournament was held at 
the beautiful Lakewood Country Club. The 
competition was for the Willis F. Manges 
Trophy awarded for the low net score, and 
the Exhibitors’ Trophy awarded for the low 
gross score. This was followed by cocktails 
at 6:15 P.M: and dinner at 7:15 P.M. The 
Local Committee arranging the Golf Tour- 
nament consisted of Dr. Seymour Fiske 
Ochsner, Chairman, and Drs. Robert 
Fortenberry (by invitation) and Charles R. 
Reinninger (by invitation), members. 

The Committee on Press Relations was 
composed of Dr. Charles M. Nice, Jra 
Chairman, Drs. Edgar H. Little and Phillip 
H. Meyers, members, and was assisted by 
Mr. Otha W. Linton, Director of Public 
Relations, the American College of Radi- 
ology. The Committee exercised skill and 
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expert judgement in devising the press and 
publie relations activities. 

To the Management and Stat? of the 
Jung Hotel and to the New Orleans Con- 
vention Bureau, the Society expresses its 
sincerest thanks for the excellent service, 
efficient registration and the many other 
courtesies gracefully rendered throughout 
the duration of the Meeting. 
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The Sixty-ninth Annual Meeting, com 
pletely dominated by the radiant Southern 
personality of President Brown, in "the 
city that care forgot," will never be for- 
gotten. It was the most outstanding in 
every respect in the history of the Amer- 
ican Roentgen Ray Society. 

Traian Leucuria, M.D. 
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WALTER W. HERBERT, M.D. 
1924-1968 


“Ich bin gewohnt, vor Speeren gegen Speere zu 
stehen und rings umgeben von demdro henden Tod, 
das mutige Leben nur doppelt rasch zu fühlen." 


ALT HERBERT lived these lines 

from Goethe's Egmont. He was used 
to adversity and he reacted to pervasive 
mischance "only to feel life twice as fast." 
His dynamic personality, his sense of ur- 
gency to get involved, and a persistent 
search for answers enabled him to accom- 


plish more in his short life span than most. 
He considered the practice of his profession 
a privilege deserving of his full energy. Yet, 
every minute of free time was spent with 
outside interests, as Walt had an unusual 
talent for music, arts, and sports. He ac- 
cepted danger while skin diving or rock 
climbing, for like Egmont, he had learned 
to accept the closeness of death as part of 
his life. 
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A long fight with open tuberculosis, 
which interrupted his medical training, 
gave his chosen profession special meaning. 
He considered his time well spent talking 
to the sick and underprivileged, teaching 
residents clinical radiologv or prac-ticing 
his specialty in a small community where 
the services of a radiologist were previously 
not available. Guided by the ideal, he was 
unwilling to compromise. His intellectual 
honesty greatly influenced his friends and 
colleagues. They are shocked that his life 
ended so early and so rapidly. 

Walt was devoted to the beauty and 
exhilaration of mountaineering, Only this 
spring in the high Sierras, he climbed six 
peaks on skis. On Mt. Dana, at an alti- 
tude of 13,000 feet, he expressed annoyance 
that the thrill of the climb was encumbered 
by an unusual shortness of breath. Upon 
return to the city, a checkup revealed the 
diagnosis of acute leukemia. Walt died 
eight weeks later on July 18, 1968. 

Walter William Herbert was born on 
January 26, 1924 in Hackensack, New 
Jersey. After attending the University of 
Wisconsin, he went to Long Island College 
of Medicine for his medical training and 
graduated in 1947. He interned at Kings 
County Hospital in Brooklyn, New York. 
He received his radiology training under 
such well-known radiologists as Dr. Catfey 
at Columbia University Medical School, 
New York, Dr. Swenson at Jefferson 
Medical School, Philadelphia, and Dr. 
Sosman at the Peter Bent Brigham Hos- 
pital at Harvard University, Boston. 

After completion of his radiology train- 
ing, Dr. Herbert went into private practice 
in the State of Maine serving at the hos- 
pitals at Bar Harbor, Blue Hill, and Ells- 
worth. After six years he decided to return 
to academic medicine, and joined the full- 
time staff at the University of California 
School of Medicine in San Francisco. The 
many students and colleagues who profited 
by his teaching will always carry the in- 
spiration of his high ideals and his in- 
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fectious enthusiasm. Gracious and kind to 
patients, cordial and warm-hearted to 
friends and associates, he was loved and 
admired. His devotion to truth caused him 
at times to be impatient with those he 
considered thoughtless. 

In 1964, Dr. Herbert joined the group of 
A. J. Williams and Associates in the prac- 
tice of radiology in San Francisco. He 
continued to perform and publish his 
clinical research and rose to the position of 
Associate Clinical Professor of Radiology 
at the University of California. He was a 
perfect example of the modern, progres. 
sive, well-read radiologist with a particular 
interest in Clinical Radiology. 

Walter Herbert's talents were not limited 
to the clinical facets of medicine. The mea- 
sure of his unusual capabilities was readilv 
apparent to all who were privileged to 
work with him on various Committees of 
the San Francisco Radiological Society 
and most recently as Secretary-Treasurer of 
that organization. He was convincingly 
articulate and sufficiently perceptive to en- 
joy the respect and admiration of numerous 
laymen. His efforts culminated in approval 
by several committees of the state legis- 
lature of proposals, which will ultimately 
benefit medicine in California, and Radiol. 
ogy in particular. 

Apart from his work, his greatest plea- 
sure was in his family— his wife, Eliza- 
beth Brett, his daughter Susan, and his 
son Thomas—and in the companionship 
of his friends. The Herbert home was sel- 
dom without visitors. 

His many friends throughout the coun try 
join with his family and his San Francisco 
colleagues in mourning his most untimely 
death. We consider ourselves fortunate to 
have known him. 


H. JoacuiM Buruenne, M.D. 
ALEXANDER R. Marcuis, M.D. 


Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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THE SCIENTIFIC EXHIBITS 


HE Scientific Exhibits of the Sixty- 

ninth Annual Meeting of the Amer- 
ican Roentgen Ray Society held at the 
Jung Hotel, New Orleans, Louisiana, Oc- 
tober 1—4, 1968, again surpassed all former 
records, both numerically and qualita- 
tively. This is the first time in the Society's 
history that all approved medals of recog- 
nition were awarded: 1 Gold Medal; 1 
Silver Medal; and 3 Bronze Medals. In 
addition 14 Certificates of Merit were 
given. 

These awards were presented to the 
recipients in a solemn ceremony at the 
magnificent Annual Banquet of the Soci- 
ety, Thursday evening, by President Brown 
assisted by the Secretary of the Society, 
Ted Leigh. 

The Society is greatly indebted to Dr. 
R. R. Greening, Philadelphia, Pennsyl- 
vania, Chairman, and his able Committee 
for their untiring effort in assembling these 
superb exhibits, thus contributing mark- 
edly to the over-all success of the Annual 
Meeting. 

The following is a detailed description 
of the Exhibits: 


Gorp MEDAL 


The Extraperitoneal Pervisceral Fat Pad; 
Normal and Pathologic Anatomy. Joseph 
P. Whalen, M.D., Alfred Berne, M.D., and 
Paul A. Riemenschneider, M.D., State 
University of New York, Upstate Medical 
Center, Svracuse, New York. 

This beautiful exhibit portrayed the 
detailed normal anatomic-roentgenologic 
findings in the upper abdomen which are 
discernible because of the presence of the 
fat pad. Modifications of the normal per- 
visceral fat pad that aid in the roentgeno- 
logic diagnosis of various intra-abdominal 
pathologic processes were also demon- 
strated. 

The conclusions were reached: That the 
palpable portions of the liver and spleen 
are anterior, while the portions visualized 


on roentgenograms are the more posterior 
portions in contact with the extraperi- 
toneal pervisceral fat pad; that the hepatic 
and splenic angles are posterior and loss of 
visualization mav be secondary to retro- 
peritoneal disease as well as intraperitoneal 
abnormalities; and that the occasionally 
visualized band of density in the flank 
previously described as parietal peritoneum 
is in reality the lateroconal fascia in the 
retroperitoneal space. 


SILVER MEDAL 


New Pattern of Abnormal Pulmonary 
Perfusion Associated with Pulmonary Em- 
bolism. S. Boyd Eaton, M.D., A. Everette 
James, M.D., Reginald E. Greene, NI. 
Majic S. Potsaid, M.D., Felix G. Fleisch- 
ner, M.D., Robert E. Dinsmore, M.D., and 
Joseph H. Lyons, M.D., Massachusetts 
General Hospital, Boston, Massachusetts. 

The scintigraphic manifestations of large 
pulmonary emboli have been extensively 
described. 

The exhibit presented a previously un- 
recognized pattern of generalized periph- 
eral ischemia which appears related to mul- 
tiple pulmonary microemboli. Pathologi- 
cally, embolic occlusion of multiple small 
vessels is more common than is obstruction 
of major arteries. In over 200 patients 
studied scintigraphically because of sus- 
pected pulmonary embolism, the periph- 
eral ischemia pattern was seen more often 
than the previously described major per- 
fusion defects attributed to large emboli. 

Representative clinical scintigrams, to- 
gether with diverse anatomic, pathologic 
and experimental material, illustrating the 
pertinent pathophysiology were shown. 

A scientific essay was presented on the 
same subject. 


BRONZE MEDAL 


1. The Secondary Pulmonary Lobule; A 
Practical Concept for Interpretation of Chest 
Roentgenograms. E. Robert Heitzman, 
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M.D., Bedros Markarian, M.D., Ira Burger, 
M.D., and Edwin Dailey, M.D., Upstate 
Medical Center, Syracuse, New York. 

The secondary pulmonary lobule is the 
basic unit of lung structure. 

Knowledge of the anatomy and  pa- 
thology of the lobule facilitates explanation 
of abnormal pulmonary densities leading 
to more accurate interpretation of chest 
roentgenograms. This fact was amply 
demonstrated in the Exhibit. 

2. High Daily Dose Decompression of 
Radtosensitive Epidural Masses Causing 
Spinal Cord Compression without Lami- 
nectomy. Philip Rubin, M.D., Melvin 
Tefit, M.D., and Colin Poulter, Ch.B., 
University of Rochester, and Boston Chil- 
dren’s Hospital, Rochester, New York, and 
Boston, Massachusetts. 

In an experimental study in rats, using 
a transplantable lymphoma, a model of 
spinal cord compression by epidural in- 
vasion was developed. 

It was demonstrated that high daily 
dose (500 rX3) decompression results in 
greater recovery of neurologic function 
than low daily dose (100 rX10). Lami- 
nectomy was not necessary if high daily 
doses were employed. 

A clinical experience in 8 adult patients 
and in 6 children with a variety of tumors 
clearly demonstrated the success of this 
regimen (high daily dose without lam- 
inectomy) for recovery of neurologic func- 
tion. 

3. Aqueduct Displacement in Posterior 
Fossa Tumors: A Clinical and Experi- 
mental Study. H. Tookoian, M.D., S. K. 
Hilal, M.D., Ph.D., and E. H. Wood, M.D., 
Neurological Institute, Columbia-Presby- 
terian Medical Center, New York, New 
York. 

The mechanisms of aqueduct displace- 
ment in posterior fossa tumors were studied 
both clinically by pneumoencephalography 
and experimentally on cadavers. 

From these observations a new concept 
emerged. Its clinical application for deter- 
mining the location and the precise extent 
of posterior fossa tumors was presented. 


The Scientific Exhibits 
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CERTIFICATE OF MERIT 


t. Potentiated Intravenous  Cholangtio- 
Tomography. A. Biolcati-Rinaldi, M.D., 
and A. Toti, M.D., Arcispedale S. Anna, 
Ferrara, Italy; and A. F. Govoni, M.D., 
General Hospital, Sault Ste. Marie, On- 
tario, Canada. 

One hundred and fifty cases examined 
by intravenous cholangiography, which re- 
sulted either in poor or no visualization of 
the extrabiliary system and/or reacted to 
the contrast medium, were chosen at ran- 
dom and re-examined by potentiated in- 
travenous cholangio-tomography. 

Fifty ml. iodipamide or ioglycamide, di- 
luted with 200 ml. of a 5 per cent glucose 
solution, were introduced intravenously in 
about 60 minutes. 

Analysis of the results consisted of: 
Definite improvement in the visualization 
of the extrabiliary system; minimal or no 
reactions; improved demonstration by 
tomography of minimal pathology espe- 
cally of the gallbladder; and possibility 
of detailed pharmacodynamic roentgen 
studies. These were presented and amply 
illustrated. 

A scientific essay was also presented on 
the same subject. 

2. Angiographic and Catheterization 
Findings in Patients with Difficulty Fol- 
lowing Complete Correction of Tetralogy of 
Fallot. Steven H. Cornell, M.D., Peter 
Vlad, M.D., and Johann L. Ehrenhaft, 
M.D., University of Iowa Hospitals, Iowa 
City, Iowa. 

Twelve of 1:02 long term surviving 
patients have had repeat catheterization 
and angiocardiography because of clinical, 
radiographic or electrocardiographic signs 
of persistent abnormality after complete 
correction of tetralogy of Fallot. 

The conditions found were: 1. Residual 
infundibular or valvular pulmonary ste- 
nosis; 2. increasing hypertrophy or en- 
largement of the right ventricle; 3. aneu- 
rysm of the right ventricular infundibulum: 
4. residual interventricular septal defect; z. 
previously undiagnosed atrial septal defect; 
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6. subaortic stenosis; 7. aortic insufficiency ; 
8. stenosis of the main pulmonary artery; 
and g. pulmonary insufficiency. 

Three patients were reoperated with 
good results and the remaining g are being 
followed. 

3. Flip a Radiotherapy Planning System 
Using a Simple Light Analog Method. 
Gerald S. Freedman, M.D., and Paul N. 
Goodwin, Ph.D., Columbia Presbyterian 
Medical Center, New York, New York. 

A simplified radiotherapy planning sys- 
tem based on the conversion of the con- 
ventional isodose curves into transparent 
analogs was presented. 

These analogs can be superimposed to 
visually portray radiation field interactions; 
complex plans can be solved on a proposed 
planning unit. 

The system will solve coplanar multiple 
field, wedge and rotational problems. It is 
accurate and very useful as a teaching aid. 

4. Ultrasound  Cardiography; Contrast 
Studies in Anatomy and Function. Raymond 
Gramiak, M.D., Pravin M. Shah, M.D., 
and David H. Kramer, M.D., University 
of Rochester School of Medicine, Rochester, 
New York. 

Echocardiography, an accepted tech- 
nique for mitral valve and pericardial 
effusion, has been extended by the Exhib- 
itors to identify the cardiac chambers. 

Injection of indocyanine green at cardiac 
catheterization results in production of 
echoes in the chamber of injection and 
subsequently down stream. Aortic root, 
left ventricular outflow, left atrium, right 
atrium and right ventricle have been 1den- 
tified. 

The applications of this method in eval- 
uation of valve incompetence, intracardiac 
shunts, and of functional anatomy of 
hypertrophic obstructive cardiomyopathy 
were illustrated. Thickness of the aortic 
root, interventricular septum and mitral 
leaflets as well as movement of the inter- 
atrial septum were demonstrated. 

c. Visceral Lymphography. P. G. Her- 
man, M.D., D. L. Benninghott, M.D., T. 
Takashima, M.D., and H. Z. Mellins, 
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M.D., State University of New York, 
Downstate Medical Center, Brooklyn, New 
York. 

A method of roentgenologic examination 
of the lymphatic structures originating 
from the abdominal viscera was described. 

The technique of cannulation and injec- 
tion of collectors from the various viscera 
is quite simple and good visualization of the 
vessels and lymph nodes was achieved. 

6. The Nasopharyngogram, Wiliam L. 
Jobe, M.D., Cincinnati General Hospital, 
Cincinnati, Ohio. 

This exhibit described the anatomy, indi- 
cations and technique of nasopharyngog- 
raphy. 

Examples of the normal appearance, uni- 
lateral and bilateral choanal atresia, naso- 
pharyngeal carcinoma, rhabdomyosarcoma 
of the soft palate, and invasion of the naso- 
pharynx by a chromophobe adenoma were 
shown. 

7. Adolescent Renal Malignancy. Leon 
Love, M.D., and Helene Neumann, M.D., 
Department of Diagnostic Radiology; Paul 
B. Szanto, M.D., and Gertrude M. Novak, 
M.D., Department of Pathology, Cook 
County Hospital and the Hektoen Insti- 
tute for Medical Research, Chicago, Ilh- 
nois. 

The lowest over-all incidence of malig- 
nant renal tumor occurs in the second dec- 
ade of life (o.5 per cent). Only 5 cases in a 
series of 1,107 renal malignancies reported 
by the Armed Forces Institute of Pathology 
in 1957 were in the 10-20 years age bracket. 

The Exhibitors had the opportunity to 
study an additional 5 cases utilizing angiog- 
raphy. All these cases were illustrated by 
color slides of the gross specimens and 
microscopic sections. 

8. Angiodysplasias— Their Classification 
and Diagnosis. Victor G. Mikity, M.D., 
J. R, Pacolli, M.D., and A. F. Turner, 
M.D., Los Angeles County-University of 
Southern California Medical Center, Los 
Angeles, California. 

Angiography can differentiate the angio- 
dvsplasias from soft tissue tumors which 
thev superficially resemble. 
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The angiodvsplasias may manifest them- 
selves clinically at any age, but are more 
frequent in childhood. They are not inva- 
sive nor have any been known to metasta- 
size. The vascular lesion may be more ex- 
tensive than clinically suspected. In addi- 
tion to the soft tissue mass, they mav pro- 
duce bone overgrowth. Their arteriovenous 
shunting 1s usually not hemodynamically 
significant. 

The main indications for treatment are 
pain and cosmetic reasons. 

The exhibit demonstrated that angiog- 
raphy and venography can firmly establish 
the diagnosis and the feasibility of a surgi- 
cal resection. 

9. The Cavernous Branches of the Internal 
Carotid Artery. Mark M. Mishkin, M.D., 


and Herbert Goldberg, M.D., University of 


Pennsylvania; Sidney W allace, M.D., Jef- 
ferson Médical College; and Norman Leeds, 
M.D., Albert Einstein Medical Cani 
Philadelphia, Pennsylvania. 

The cavernous portion of the internal 
carotid artery supplies branches to the dura 
at the base of the skull, the cavernous sinus, 
the sella turcica and its contents, and the 
tentorium. This freely anastomosing net- 
work at the base of the skull comprises a 
major portion of the rete mirabile, analo- 
gous to that found in animals. 

This exhibit demonstrated these vessels 
angiographically and determined the sig- 
nificance of their opacification in health and 
disease. Examples were shown as seen in 
the normal, in benign and malignant 
tumors (both intra-axial and extra-axial, 
primary and metastatic), in vascular mal- 
formations, and in cerebrovascular occlu- 
sive disease. 

10. Bronchial and Intercostal Arteriog- 
raphy in Non-Neoplastic Pulmonary Dis- 
ease. Luceil B. North, M.D., J. A. Trice, 
M.D., Samuel F. Boushy, M.D., and Ver- 
non N. Houk, M.D., V. A. Hospital, Hous- 
ton, Texas. 

Selective catheterizations demonstrated 
alterations in bronchial and intercostal 
arteries In 40 patients with various non- 
neoplastic pulmonary diseases. These were 


The Scientific Exhibits 


gers. 


923 


correlated with pulmonary angiograms, 
bronchograms and physiologic function 
studies. 

Generalized enlargement of the bronchial 
arterles was noted in chronic obstructive 
pulmonary disease, in contrast to localized 
enlargement in bronchiectasis and inflam- 
matory diseases. A high incidence of sys- 
temic pulmonary shunting was observed. 
When pulmonary emboli were associated 
with infarction the bronchial arteries were 
enlarged; in the absence of infarction no 
change was noted. 

Clinodactyly and Other Crooked Fin- 
George B. Pratt, M.D., Andrew K. 
Poznanski, M.D., Lester Weiss, M.D., and 
Gordon Manson, M.D., Henry Ford Hospi- 
tal, Detroit, Michigan. 

Clinodactyly may be seen in a variety of 
conditions. 

Although the association with Down’s 
syndrome is well known, many other multi- 
system congenital abnormalities also show 
this finding. The presence of a curved finger 
should alert the radiologist to the possibil- 
ity of other defects. 

The exhibit documented the fact that in 
many cases, correlation with clinical and 
other radiologic findings, particularly in the 
Bo may establish the diagnosis. 

A Zonal Approach to the Anatomy of 
she aa. Arteries. B. A. Ring, M.D. 
and M. M. Waddington, M.D., Depart- 
ment of Diagnostic Radiology, U niversity 
of Vermont College of Medicina, Burling- 
ton, Vermont. 

Study of the anatomy of the intracranial 
arteries can be simplified by considering the 
areas supplied instead of the individual 
branches themselves. 

This approach, as demonstrated in the 
exhibit, proved valuable in evaluation of 
the distribution. of the middle cerebral 
artery. 

Anatomic studies of the anterior and 
posterior cerebral arteries showed that a 
similar approach is possible. 

3. Atrophic Neuroarthropathy and Dia- 
betes. Gerhart S. Schwarz, M.D., Martin 
W. Siegel, M.D., and Magdalena R. 


, 


924 
Berenyi, M.D., New York Medical College 


Center for Chronic Disease, New York, 
New York. 

Of 17 cases of atrophic destructive 
arthropathy followed for up to 14 years, 11 
had diabetes. 

Of these 6 were shown in whom diabetic 
neuropathy was the major or the only 
demonstrable cause. Attention was focused 
upon the lack of hypertrophic changes 
commonly expected in Charcot's arthro- 
pathy. 

'The Exhibitors favor a dualistic concept 
of neuroarthropathy according to which the 
atrophic type is caused by a peripheral 
neuritis leading to an "*autosympathectomy 
in addition to impairment of the sensory 
fibers. Only when hyperemia and loss of 
protective pain sensation combine, can the 
atrophic variety occur." 

A scientific essay was presented on the 
same subject. 

14. Pancreatography and the Pancreatic 
“Backdoor.” Robert L. Waldron II, M.D., 
Donald Wilson, L.X.T., Herbert E. Wollo- 
wick, M.D., William B. Seaman, M.D., and 
Sarah A. Luse, M.D., Columbia Presby- 
terian Medical Center, New York, New 
York. 

Pancreatography was performed in dogs 
after cannulation of the pancreatic duct 
surgically. 

Several types of radiographic contrast 
materials were compared. The water sol- 
uble agent was markedly superior to barium 
and oily contrast agents. 

'The water soluble agent passed through 
the pancreas rapidly and a pyelogram re- 
sulted indicating a ducto-venous pancreatic 


“backdoor.” 
OTHER EXCELLENT EXHIBITS WERE: 


The Advantages of Direct Magnification 
Technique in the Newborn Chest. Ronald C. 
Ablow, M.D., Richard H. Greenspan, 
M.D., and Louis Gluck, M.D., Yale-New 
Haven Hospital, New Haven, Connecticut. 

Direct magnification chest roentgeno- 
grams of newborns with a variety of condi- 
tions were displayed with conventional 
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chest roentgenograms obtained at the same 
time for comparison. 

A description of the special equipment 
requirements and technique was included. 

Pediatric Case of the Day. D. H. Altman, 
M.D., R. E. Litt, M.D., and L. A. Green- 
berg, M.D., Variety Children's Hospital, 
Miami, Florida. 

A different Pediatric Case was presented 
each day. 

The history and pertinent roentgeno- 
grams permitted a single diagnosis. The 
answer was given the following day with a 
discussion and color slide demonstration of 
the pathologv. 

A reward was given to all correct diag- 
nosticians. 

Direct Serial Magnification Angiography. 
Stanley Baum, M.D., George N. Stein, 
M.D., and Koson Kuroda, M.D., Graduate 
Hospital, University of Pennsylvania, Phil- 
adelphia, Pennsylvania. 

The clinical, as well as experimental, 
value of direct magnification angiography 
was illustrated and examples of pulmo- 
nary emboli, neoplastic diseases of the pan- 
creas, liver and kidney, and of inflamma- 
tory processes of the gastrointestinal tract 
were presented. 

The technique has also been successfully 
used for the detection of small areas of 
gastrointestinal hemorrhage that could not 
be diagnosed by the more conventional 
techniques; examples of these were also 
presented. 

Paraduodenal Hernias. Robert J. Blahut, 
M.D., Peninsula Medical Center, Burlin- 
game, California. 

Intra-abdominal herniations were dis- 
cussed with particular reference to para- 
duodenal hernias. 

The characteristic roentgen appearance 
of left and right paraduodenal hernias was 
outlined, and several surgically proven 
examples with striking findings on small 
bowel roentgenologic examination were 
illustrated. 

Thermography of Extremities After Smok- 
ing. A. G. B. Borden, M.D., M. B. Hermel, 
M.D., and J. Gershon-Cohen, M.D., D.5c., 
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Temple University School of Medicine, 
Philadelphia, Pennsylvania. 

The etfect of smoking on the peripheral 
circulation can be mapped with thermo- 
grams which display both qualitatively 
and quantitatively subtle, differing. skin 
temperatures incident to the action of 
nicotine. 

The instrumentation and the results of 
these studies were the subject of this ex- 
hibit. 

Moving Ahead with Indium. John A. 
Burdine, Jr., M.D., Linda A. Ryder, M.S., 
Thomas A. Waltz, M.D., Frederick A. 
Matsen, M.D., Ray L. Zeigler, M.D., and 
Fred Rapp, M.D., Baylor University Col- 
lege of Medicine, Houston, Texas. 

Primary brain tumors induced in ham- 
sters with S.A.-7 virus and radiofrequency 
cortical injuries in dogs were utilized for the 
simultaneous comparison of Tc??» pertech- 
netate target-to-brain ratios with a series 
of [In"?» tagged compounds. 

The indium agents achieved consistently 
higher absolute values in both systems. 

Preliminary studies with In'?» toluidine 
blue as a renal scanning agent, and, addi- 
tionally, a compound for measurement of 
dynamic renal function using a new scintil- 
lation camera, were presented. 

Mesenteric Vascular Insufficiency. Leland 
Burnett, M.D., Lucius Hill, M.D., Clar- 
ence Pearson, M.D., John Antonius, M.D., 
and Robert Paine, M.D., The Mason 
Clinic, Seattle, Washington. 

Evaluation of patients with mesenteric 
vascular insufficiency requires the combina- 
tion of radiology, internal medicine and 
surgery. 

Relevant clinical, arteriographic, surgical 
and physiologic data were presented, de- 
fining the parameters and correlations 
necessary to an understanding of this prob- 
lem. Of special interest was the prevalence 
of young women with non-atherosclerotic 
lesions. 

Selective .ddrenal Phlebography. Constan- 
tin Cope, M.D., Harold J. Isard, M.D., 
and Wanda E. Wesolowski, R.T., Division 


of Radiology, Albert Einstein Medical 
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Center, Philadelphia, Pennsylvania. 

A new technique for reliable percuta- 
neous catheterization of both adrenal veins 
was described. 

Adrenal phlebography is superior to 
aortography in that it delineates poorly 
vascularized tumors and in the Exhibitors’ 
experience does not stimulate a hyperten- 
sive reaction in pheochromocytoma. In- 
volvement of the adrenal by metastatic 
disease may be recognized by phlebography 
and has been useful in staging bronchogenic 
and breast carcinoma as well as retroperi- 
toneal disease. 

The technique has been found to be free 
of serious morbidity in over 200 patients. 

Serial Magnification Angiography. John 
E. Cullinan, Jr., R.T., Norman E. Leeds, 
M.D., and Harold J. Isard, M.D., Division 
of Radiology, Albert Einstein Medical 
Center, Philadelphia, Pennsylvania. 

The technique described by the Exhibi- 
tors Incorporates the advantages of both 
magnification and serial sequential expo- 
sures. Detail is enhanced and minute ves- 
sels barely visible on routine angiographv 
can be demonstrated. A fine focus (0.3 mm.) 
tube 1s necessary with short exposure and 
high kilovoltage factors. 

The geometry of magnification was pre- 
sented in addition to illustrations of clinical 
material. 

Cecal Noncarcinomas. M. Wendell Dietz, 
M.D., University of Missouri School of 
Medicine and Burge-Protestant Hospital, 
Springfield, Missouri. 

The ingredients of this exhibit consti- 
tuted an audit of the credibilitv gap in the 
radiodiagnosis of carcinoma of the cecum. 

Clinical and roentgen impediments to the 
detection of elusive cecal neoplasms have 
been repeatedly documented. In contrast, 
proportionately minor emphasis has been 
ceded the opposite side of the coin: the 
counterfeit roentgen pattern, justifiably 
warranting a presumptive diagnosis of 
primary cecal carcinoma, fabricated by an 
abnormality (or circumstance) zo£. an 
adenocarcinoma. 

The Exhibitor demonstrated that this 
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melange of proved noncarcinomatous le- 
sions, categorized etiologically, exemplifies 
the masquerading potentiality of a multi- 
tude of dissimilar entities and the nonspeci- 
ficitv of roentgen signs of cecal carcinoma. 

Transluminal Catheter Dilatation in Ar- 
terial Stenosis of Lower Extremities. Charles 
T. Dotter, M.D., Melvin P. Judkins, M.D., 
and Josef Rosch, M.D., University of Ore- 
gon Medical School, Portland, Oregon. 

Based on a 4 year experience in over 175 
cases, coaxial transluminal catheter dilata- 
tion has emerged as therapy of choice for 
patients with subtotal occlusion in the 
femoro-popliteal system. 

If done before the onset of complete oc- 
clusion and secondary thrombosis, this 
simple procedure can convey lasting bene- 
fit to 9 out of 10 patients at near-negligible 
risk, with noteworthy economic advan- 
tages. Success is less likely, risk somewhat 
greater, in long segment, complete occlu- 
sions, where bypass grafting is usually 
indicated. 

As is evident from its description, the 
method is not difficult to learn. 

'The Exhibitors demonstrated that prac- 
tical experience has now clarified certain 
important but readily avoidable pitfalls. 

Fourteen-Inch Square Films of the Chest 
Make Dollars and Sense. Lewis E. Etter, 
M.D., School of Medicine, University of 
Pittsburgh, Pittsburgh, Pennsylvania; R. 
A. Wilson, M.D., Ventura, California; 
George Jacobson, M.D., and Richard Pen- 
fil, M.D., Los Angeles County Hospital, 
Los Angeles, California. 

This exhibit showed why, in view of the 
increasing cost and scarcity of silver, se- 
rious consideration of the routine use of 14 
inch square films for roentgenography of 
the chest 1s Imperative. 

Annual posteroanterior chest examina- 
tions in America are estimated at 
52,500,000. It was shown that by substitut- 
ing 14 inch square films for 14X17 inch 
ones, an annual saving of some $6,825,000 
can be made. 

Practicability of their use was demon- 
strated by photographs and illustrative 
films. 
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Bronchial Brushing. Wiliam R. Eyler, 
M.D., Roy B. Patton, M.D., and Ralph D. 
Parks, M.D., Henry Ford Hospital, De- 
troit, Michigan. 

This exhibit presented the technique of 
bronchial brushing and illustrated with 
color slides the cellular components of the 
specimens obtained. 

Kymography in Cardiac Evaluation. Or- 
lando F. Gabriele, M.D., School of Medi- 
cine, University of North Carolina, Chapel 
Hill, North Carolina. 

The roentgen kymogram was compared 
to the apex cardiogram and other studies of 
cardiac function. 

An attempt was made to relate the na- 
ture of the kymographic wave to changes in 
function. The roentgen kymogram was 
found to be simple yet contributory in 
cardiac evaluation. 

Radiologic Diagnosis of Neonatal Respira- 
tory Distress. C. Benjamin Graham, M.D., 
Arthur J. Gerdes, M.D., and H. Rex Gard- 
ner, M.D., University of Washington Hos- 
pital and Children’s Orthopedic Hospital 
and Medical Center, Seattle, Washington. 

The differential diagnosis of neonatal 
respiratory distress was illustrated by 
photographically enlarged transparencies 
of chest roentgenograms supplemented by 
color photographs, charts, and diagrams. 

First, the normal pulmonary roentgen 
anatomy of the premature and term infant 
was considered. 

This was followed by a presentation of 
the more classical roentgenologic features of 
several pathologic conditions. Considerable 
emphasis was given to the idiopathic respi- 
ratory distress syndrome (hyaline mem- 
brane disease), its progression, complica- 
tions, and resolution. Also included were 1l- 
lustrations of pneumonia, atelectasis, pneu- 
momediastinum, pneumothorax, dia- 
phragmatic hernia, the Wilson-Mikity syn- 
drome, pulmonary hemorrhage, and even 
more rare conditions. 

The Many Faces of Valley Fever. William 
H. Greendyke, Lt. Col., USAF, MC, and 
Carl F. Ritter, Capt., USAF, MC, 4510th 
USAF Hospital, Luke Air Force Base, 


Arizona. 
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The roentgen features of the varied forms 
of coccidioidomycosis were shown. 

This disease may present as a solitary, 
uncalcified pulmonary nodule; segmental or 
lobar pneumonia; massive pleural effusion; 
thin or thick walled pulmonary cavity; 
multiple diffuse pulmonary nodules; or hilar 
and mediastinal adenopathy. 

The similarity of some of these lesions to 
other diseases was discussed. 

Neurogenic Bladder in Children —Radio- 
graphic Features and Classification. Herman 
Grossman, M.D., Patricia Winchester, 
M.D., and William Colsten, M.D., The 
New York Hospital-Cornell Medical Cen- 
ter, New York, New York. 

A classification of the neurogenic blad- 
ders was presented based on experimentally 
induced spinal lesions and when possible 
correlated with clinical cases. 

Varied radiographic appearances were 
stressed. The many etiologies associated 
with neurogenic bladder in children were 
shown. 

Radiographic Changes in Children with 
Hodgkin’s Disease. Herman Grossman, 
M.D., Patricia Winchester, M.D., Char- 
lotte Tan, M.D., and David Bragg, M.D., 
Cornell University Medical College and 
Memorial Hospital, New York, New York. 

The radiographic abnormalities were 
analyzed in over 40 children with Hodg- 
kin's disease. 

Staging, special studies, general radio- 
graphic findings and clinical outcome were 
described. 

A scientific essay was presented on the 
same subject. 

Regional Pulmonary Blood Flow in Cystic 
Fibrosis. Michael T. Gvepes, M.D., Leslie 
R. Bennett, M.D., and Patricia C. Has- 
sakis, M.D., UCLA Center for the Health 
Sciences, Los Angeles, California. 

The pulmonary complications of cystic 
fibrosis are the most significant in influenc- 
ing the course of the disease in the affected 
child. [Increasing clinical efforts are being 
made to control and minimize the pulmo- 
nary involvement. 

[n an effort to deepen the understanding 
of the pathophysiology of the lung changes 
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in cystic fibrosis the distribution of pul- 
monary blood flow was studied by Tcv 
MAA perfusion lung scans. Large areas of 
localized underperfusion were found in 
many affected children. In several of these, 
the presence and extent of involvement 
were entirely unexpected on the basis of 
routine means of assessing pulmonarv in- 
volvement. 

Illustrative perfusion scans and corre- 
ponding chest roentgenograms were shown, 
as well as inhalation scans when applicable. 

The clinical status and the results of pul- 
monary function studies were briefly noted 
in the captions. The possible explanations 
for the uneven distribution of pulmonarv 
blood flow and the significance of these 
findings were discussed in a brief summary. 

The Roentgenographic Manifestations. of 
Pseudoxanthoma | Elasticum. A. Everette 


James, Jr., M.D., S. Boyd Eaton, M.D., 


Robert J. Reeves, M.D., James Blazek, 
M.D., and Martin W. Donner, M.D., Mas- 
sachusetts General Hospital, Boston, Mas- 
sachusetts. 

The striking clinical, pathologic, and 
roentgenologic manifestations of pseudo- 
xanthoma elasticum were presented in a 
review of over 50 cases compiled from three 
large teaching hospitals. 

Through an awareness of this disease 
entity, the radiologist can make the cor- 
rect diagnosis by correlating clinical and 
roentgenologic findings. 

Radiographic Honeycomb Lung. Thomas 
H. Johnson, Jr., M.D., Department of 
Radiologv, University of Tennessee Col- 
lege of Medicine, Memphis, Tennessee. 

A radiographic honeycomb pattern of 
lung disease may result from many path- 
ologic conditions, common and rare. 

There appear to be two main causative 
processes. Fibrosis from whatever cause 
may produce honeycombing. The two di- 
mensional visual appearance of multiple 
miliary or nodular lesions may likewise 
produce a honeycomb appearance. 

Collected examples of the causes ot 
honeycombing were shown and points of 
differential diagnosis illustrated. 


The Radiologic Rule. Thomas H. John- 
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son, Jr., M.D., and Terry A. Reagan, R.T., 
University of Tennessee College of Medi- 
cine, Memphis, Tennessee. 

A simplified radiologic ruler to correct 
magnification factors of roentgenography 
was presented. The direct read off of ac- 
curate measurements from the ruler with- 
out calculation or manipulation is its pur- 
pose. Precise radiologic measurements and 
easy pelvimetry are its uses. 

'The method of development was shown 
and its uses demonstrated. 

Double Contrast Air Barium Cystography; 
Roentgenographic Assessment of Diverticula 
of Bladder. Erich K. Lang, M.D., Ray 
Turner, M.D., and John L. Greer, M.D., 
Department of Radiology, L. S. U. School 
of Medicine, Shreveport, Louisiana. 

Double contrast air barium cystography 
is recommended by the Exhibitors for de- 
tailed assessment of the mucosal surface 
of the bladder and detailed demonstration 
of mass lesions protruding into the bladder 
or diverticula arising from the bladder. 

The method has been found particularly 
useful for the assessment of diverticula of 
the bladder and their contents. Inoppor- 
tune position of the orifice of the diverticu- 
lum, a narrow neck or massive bleeding at 
the time of cystoscopy often prevent cysto- 
scopic visualization of such diverticula. 

Double contrast air barium cystography 
has been found most useful for the assess- 
ment of these diverticula, identification of 
tumors arising from them, or identification 
of calculi, lodged in diverticula with a 
narrow orifice and neck. 

Computer Output Applied to Radium 
Therapy: Three Dimensional RKeconstruc- 
tion. Leonard M. Liegner, M.D., Luke 
DeCrescenzo, and Morris Hodara, B.S., 
St. Luke’s Hospital Center, New York, 
New York. 

The Radiation Therapy Department at 
St. Luke’s Hospital Center in New York, a 
general hospital, utilizes computer output 
for radium and radiation therapy planning. 
Computer communication is by means of 
teletype transmission to a distantly located 
central computer. 
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The input derived from radium cases 1s 
prepared according to the programmed 
format and transmitted to the computer. 
The output received is directly transcribed 
into a three dimensional reconstruction of 
the implant. 

The Exhibitors described details of the 
input and output information. Examples 
of three dimensional reconstruction were 
demonstrated. 

The importance of the method was con- 
sidered in relation to dosage to critical 
organs and the primary tumor. The com- 
puter three dimensional reconstruction, as 
a teaching aid, was emphasized and the 
implication. for improving implantation 
techniques was discussed. 

Hydrocephalus in Infancy; Roentgenology 
of Its Surgical Treatment. John W. Loop, 
M.D., University of Washington, Seattle, 
Washington. 

The role of roentgenology in the initial 
evaluation of hydrocephalus is well es- 
tablished. 

The degree of ventricular enlargement, 
the level of cerebral spinal fluid obstruction 
and the probable cause can all be deter- 
mined by roentgenologic methods. 

Contemporary surgical treatment of 
hydrocephalus introduces the need for ra- 
diologists to become familiar with the 1m- 
mediate aims of the operation. The altera- 
tion and complications which follow opera- 
tion must also be recognized. 

The exhibit presented some of these 
roentgenologic features. 

The Nephrogram: A Valuable Indicator 
of Renal Abnormalities. Filemon Lopez, 
M.D., Stanley S. Siegelman, M.D., 
Wilhelm Z. Stern, M.D., and Harold G. 
Jacobson, M.D., The Departments of 
Radiology, Montefiore Hospital and Med- 
ical Center (including the Morrisania 
Hospital Affliate), and the Albert Einstein 
College of Medicine, 111 East 210th Street, 
Bronx, New York. 

The nephorgram, whose usefulness has 
been emphasized in the diagnosis of reno- 
vascular hypertension and in the differen- 
tial diagnosis of mass lesions, is of great aid 
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in the evaluation of many congenital and 
other acquired renal abnormalities. 

These include: variants (7.e., fetal lobula- 
tion, splenic “hump,” hilar "lips," vari- 
ations of double collecting systems, etc.); 
congenital abnormalities (7.e., solitary “pan- 
cake" kidney, solitary "sausage" kidney 
etc.); chronic pyelonephritis, hvdronephro- 
sis, trauma, and of course, cysts and tumors 
of the kidney. 

The use of the nephrogram in accurately 
diagnosing these abnormalities was illus- 
trated. 

A scientific essay 
same subject. 

The Kole of Radiology im Sacrococcy- 
geal Tumors. R. I. MacPherson, M.D., 
F.R.C.P., Children’s Hospital of Winnipeg, 
Winnipeg, Manitoba. 

Twenty sacrococcygeal tumors have 
been observed at The Winnipeg Children’s 
Hospital in the past 15 years. 

The role of radiology (including angi- 
ography) in the investigation of these 
tumors was outlined and illustrated. 

Correlation of Brain Scans with Radio- 
graphic Findings. John D. McAllister, 
M.D., and Joseph A. Marasco, Jr., M.D., 
St. Francis General Hospital, Pittsburgh, 
Pennsylvania. 

This exhibit dealt with the use of the 
Anger Gamma Camera in scanning the 
brain. 

In the past 3 years, the Exhibitors per- 
formed over 2,000 bean scannings with a 
I2 per cent incidence of positive findings. 
Only 1 false positive was encountered. 

The exhibit correlated the brain scans 
and radiographic findings. The brain scans 
gave more accurate anatomic detail than 
the contrast studies. 

The versatilitv of the Gamma Camera 
has allowed the Exhibitors to obtain as 
many projections as are possible with 
diagnostic roentgen equipment. 

Roentgen Diagnosis of Dissecting Aneu- 


was presented on the 


rysm. Wiliam T. Meszaros, M.D., and 
Paul Schimert, M.D., Illinois Masonic 
Hospital and Cook County Hospital, 


Chicago, Illinois. 
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Dissecting aneurysms of the aorta are 
being diagnosed with i Increasing frequency. 

This exhibit showed that plain films and 
angiocardiograms demonstrate the diag- 
nostic features and that roentgen examina- 
tion is of great value. 

Caleifed Liver Metastases. Albert J. 
Miele, M.D., Sibley Memorial Hospital, 
Washington, D.C. 

This exhibit illustrated calcified liver 
metastases detected on plain film abdom- 
inal roentgenograms. 

Correlative roentgenograms and color 
transparencies of gross liver specimens ob- 
tained at autopsy were shown. Roentgeno- 
grams of other calcifying liver processes 
such as granuloma, amebic abscess, echino- 
coccal cysts, hemangioma and thorotrast 
were contrasted with the characteristic 
roentgenographic features of calcified me- 
tastases. 

Calcified liver metastases have been seen 
almost solely from colon carcinoma and 
are considered diagnostic. 

Sertal Direct Magnification Cerebral An- 
giography: Theoretical Aspects and Clinical 
Applications. Mark M. Mishkin, M.D., 
and John Hale, Ph.D., University of 
Pennsylvania, Philadelphia, Pennsylvania. 

The very fine focal spot permits utiliza- 
tion of the principle of diverging ravs of a 

"point" source to produce magnification 
by separating the object from the film. The 
ensuing air gap permits a grid free tech- 
nique. The enlargement of the vessels and 
the lack of the grid combine to produce a 
roentgenogram of unusual clarity and de- 
tail. 

The theoretic aspects of this technique 
were presented with the prerequisites nec- 
essary for their clinical application. 

Examples of their routine use in cerebral 
angiography and the benefits derived there- 
from were demonstrated. 

A scientific essay was presented on the 
same subject. 

The | American Institute 
Robert T. Morrison, The American Insti- 
tute of Radiology, Chicago, Illinois. 

This was a photographic exhibit of The 
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American Institute of Radiology as now 
established in its Chicago facilities. 

Included in the display were statistical 
informations and data describing the li- 
brary-archive-equipment complex which 
composes the Institute. 

Angiography in Infants and Children. 
James J. Pollard, M.D., Robert A. Nebesar, 
M.D., N. Thorne Griscom, M.D., and 
Alfred L. Weber, M.D., Children’s Hos- 
pital Medical Center and Massachusetts 
General Hospital, Boston, Massachusetts. 

Angiography has many uses in the pedi- 
atric age group outside of the already es- 
tablished areas of neuroradiology and 
angiocardiography. 

This exhibit demonstrated its value in a 
variety of diagnostic problems of the ab- 
domen, chest and extremities in children 
ranging in age from the premature infant 
to II years. 

A scientific essay was presented on the 
same subject. 

The Plain Film Diagnosis of Ulcerative 
Colitis. Reed P. Rice, M.D., and Thomas 
A. Hetherington, M.D., Duke University, 
Durham, North Carolina. 

The typical roentgenographic features of 
toxic segmental dilatation of the colon are 
well known to radiologists. Less well known 
are the roentgenographic features which 
make it possible to diagnose chronic or 
subacute colitis from the abdominal plain 
film roentgenograms. 

This exhibit demonstrated the value of 
the abdominal plain film roentgenograms 
in all stages of ulcerative colitis. The rec- 
ognition of the extent of the colitis as well 
as certain complications may justify post- 
ponement of the barium enema examina- 
tion to a quiescent stage of the disease. 

The Role of Mold Technology in Radiation 
Treatment of Cancer. Bernard Roswit, 
M.D., Cyprian B. Reid, B.Sc., Louis 
Maddalone, and Stanley J. Malsky, Ph.D., 
Bronx V. A. Hospital, Bronx, New York. 

As radiation therapy becomes more com- 
plex, demanding a high level of precision, 
the contributions of Mold Technology to 
this effort become increasingly important. 
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The Exhibitors presented their expe- 
rlence with this discipline over the past 15 
years, illustrating its important role in 
treatment planning, patient immobiliza- 
tion, bolus application, radiation protec- 
tion, 77 vivo dosimetry, radium and radio- 
isotope therapy, research and education. 

Wider utilization of the art and science 
of Mold Technology will enhance the prob- 
ability for cure and minimize the risk of 
serious complications. 

Skeletal Roentgen Findings in Congenital 
and "Juvenile Hypothyroidism. Harold J. 
Schneider, M.D., C. David Eversole, M.D., 
and Frederic N. Silverman, M.D., Univer- 
sitv of Cincinnati Medical Center, Cin- 
cinnati, Ohio. 

Hypothyroidism is the most common 
endocrinopathy of childhood. It may be 
congenital or acquired. 

Since mental retardation is frequently 
concomitant, particularly in the congenital 
form, early recognition and appropriate 
treatment are vital. Not uncommonly the 
patient may first be seen for roentgenologic 
evaluation of urinary tract infection or 
constipation. 

Observation of skeletal abnormality 
during such studies initiates further in- 
vestigation. 

The roentgen appearance of the skull, 
spine, other axial and appendicular bones 
was illustrated with emphasis on certain 
signs strongly suggestive of hypothy- 
roidism. 

An Integrated System for Angiography. 
Fred C. Shipps, M.D., Good Samaritan 
Hospital, Portland, Oregon. 

This operational exhibit introduces new 
concepts in the integration of angiographic 
functions. As was emphasized, the system 
was developed to encourage the use of the 
best practices. 

Another objective was to show that 
through proper automation, contrast in- 
jection, syringe loading, catheter flushing 
and pressure read-out can be routinely 
used and that procedural time can be 
further shortened. 

New mechanical aids were presented to 
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enhance the singular injector function. 
These included: a "stick shift" manifold, a 
sterlle ampule unloader, and an intra- 
arterial saline controller. 

Television Fluorodensitometry. Norman R. 
Silverman, M.D., Jefferson Medical. Col- 
lege Hospital, Philadelphia, Pennsylvania. 

Rapid analvsis of blood flow in anv vessel 
suitable for selective catheterization can be 
obtained using television monitored image 
amplified fluoroscopy. Conversion of the 
optical image to an electronic one suitable 
for high speed sampling and data proces- 
sing can be done utilizing equipment avail- 
able in most Radiology Departments at 
little additional expense. The same basic 
system can be applied to problems in 
which conversion from a subjective to an 
objective analysis is desirable. The modi- 
fication to equipment is minor and does not 
impair routine use of the system. 

The exhibit demonstrated the theory: 
video-tape recording demonstrates the vas- 
cular applications. 

A scientific essay was presented on the 
same subject. 

Distribution of Pericardial Fluid: Dy- 
namic and Static Influences. Renate L. 
Soulen, M.D., Marc S. Lapayowker, M.D., 
and Felix M. Cortes, M.D., Temple Uni- 
versity Health Sciences Center, Philadel- 
phia, Pennsylvania. 

This exhibit showed that studies of 
opaque effusions in dogs and man reveal 
that fluid distribution is influenced chiefly 
bv the anatomic relationship of pericar- 
dium to surrounding structures, bv respi- 
ration and by intrinsic cardiac activity. 
Gravity plavs only a minor role. 

Radiography —A Cooperative Method of 
Teaching Anatomy. George Stassa, M.D., 
John A. Evans, M.D., Wilbur D. Hagamen, 
M.D., and Roy C. Swan, M.D., Cornell 
University Medical College, New York, 
New York. 

This exhibit described and illustrated 
the contribution of the Radiology Depart- 
ment to the teaching program in gross 
anatomy at the Cornell University Med- 
ical College. 
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The Cornell program for many years has 
emphasized the importance of radiographic 
anatomy to supplement the gross dissection 
sessions. Carefully planned, highly or- 
ganized radiographic demonstrations are 
closely integrated with the laboratory dis- 
section. Dissection room instructors reg- 
ularly attend the radiology demonstrations. 
This permits discussions in the dissection 
room to reinforce the anatomic and clin- 
ical material presented in the demonstra- 
tions. 

The opportunity for a joint appointment 
in anatomy and radiology is valuable in 
fostering a close liaison between radiolo- 
gists and anatomists. It also gives the 
radiologist the feeling of being part of the 
anatomy teaching team and encourages the 
participation in course planning. 

The Use of Magnification in Selective 
Renal Angiography. Harry L. Stein, M.D., 
Harold Chiat, M.D., and David Faegen- 
burg, M.D., Nassau Hospital, Mineola, 
New York. 

Magnification studies were performed in 
conjunction. with conventional selective 
renal arteriography. The roentgenograms 
obtained using a 14X 14 inch Schonander 
cut film changer and a tube with a 2 mm. 
focal spot, were compared with the mag- 
nification roentgenograms obtained using a 
tube with ao.3 mm. focal spot and a Sanchez- 
Perez film changer. 

A variety of renal abnormalities were 
encountered, and examples of these patho- 
logic entities were presented. The studies 
included pyelonephritis, malignant hvper- 
tension, renal cell and adenocarcinomas of 
the kidney, embolization, and hematuria. 

Breast Cancer not Detected by Mam- 
mography in Mass Screening. Philip Strax, 
M.D., Maurice M. Pomeranz, M.D., and 
Filemon Lopez, M.D., Health Insurance 
Plan of Greater New York, New York, 
New York. 

In the course of a large screening project 
tor breast cancer using independent clinical 
and roentgenologic examinations and re- 
peated annually, some cancers were de- 
tected by both modalities and some bv one 
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alone. In addition, cancers have been de- 
tected between scheduled examinations. 

This exhibit analvzed those cancers not 
detected by mammography in both in- 
stances. Mammograms were evaluated on 
the basis of technique, tvpe of breast and 
tvpe of lesion. 

Intravenous Cholangio-Tomography with 
Bilivistan (Schering AG). A. Toti, M.D., 
Arcispedale S. Anna, Ferrara, Italy, and 
A, PB. Govont, MD. CRC. (CO, Gen- 
eral Hospital, Sault Ste. Marie, Ontario, 
Canada. 

Since 1965 several reports have appeared 
in the European medical literature on the 
advantages of Bilivistan, an 1oglvcamide, 
over 1odipamide. 

The advantages noted in 200 cases in 
the Exhibitors’ two Institutions could be 
briefly summarized as follows: 1. There was 
almost constant simultaneous visualiza- 
tion of the gallbladder and of the biliary 
ducts about 60 minutes following the in- 
jection of Bilivistan; 2. the opacification 
lasted for a longer period of time permit- 
ting detailed studies of the relationship be- 
tween the gallbladder and ducts and of the 
choledocho-duodenal region; 3. excellent 
tolerance was noted in all patients, even in 
those who previously showed intolerance 
to lodipamide. 

The Irradiated Canine Kidney: Angio- 
graphic and Pathologic Evaluation. M. 
Vinik, M.D., E. R. King, M.D., I. Nako- 
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neczna, M.D., and T. A. Freed, M.D., 
Department of Radiology, Medical College 
of Virginia, Richmond, Virginia. 

The renal parenchymal and vascular 
response to irradiation was evaluated bv 
serial angiographic, microangiographic, and 
histologic techniques. 

Acute and chronic injuries were induced 
by “point source" emitters (Aw! grains) 
placed within the kidney or upon its sur- 
face. Thedegreeofscarification and nephritis 
was related to the grains’ depth within the 
kidney and its relation to large arterial 
branches. 

The method and pertinent examples 
were graphically displayed and the project 
was summarized in outline form. 

Roentgenographic Manifestations of Tu- 
berous Sclerosis. Ray L. Zeigler, M.D., 
Thomas S. Harle, M.D., Edward B. 
Singleton, M.D., and Sang Y. Han, M.D., 
Baylor University College of Medicine, 
Houston, Texas. 

Tuberous sclerosis 1s a congenital dis- 
order affecting multiple organ systems and 
presenting distinctive roentgenographic fea- 
tures. Recognition of these may consider- 
ably assist in establishing the diagnosis, 
particularly if the clinical findings are non- 
specific. 

Examples were shown demonstrating 
these distinctive cerebral, visceral, and 
osseous changes, including fatal pulmonary 
involvement in a child. 
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T Technical Exhibits of the Sixty- 
ninth Annual Meeting of the American 
Roentgen Ray Society held in the Grand 
Ballroom of the Jung Hotel, New Orleans, 
Louisiana, October 1-4, 1968, exceeded all 
expectations. They were the largest in 
number in the Society’s history and ex- 
pressed visually in a most convincing 
manner the tremendous progress made in 
our time. 

The dazzling array of displays included: 
New apparatus of diagnostic clarity under 
various exposure and processing conditions; 
new specialized high power x-ray tubes for 
angiography and enlargement radiography; 
a variety of other diagnostic equipment 
such as head stands, radiographic tables, 
accessory devices, films, screens, cameras, 
projectors, catheters, and injectors; the 
newest models of radiotherapeutic and 
isotopic equipment; new radiopharma- 
ceuticals; the latest scientific books and 
periodicals; and many other items of 
timely interest. 

Mr. Clifford L. Sherratt, Honorary Mem- 
ber, and Dr. James C. Cook, Manager of 
the Annual Meeting used excellent judge- 
ment, based on long experience, in assem- 
bling and organizing these splendid exhib- 
its, which contributed immeasurably to 
the over-all success of the Annual Meet- 
Ing. 

President-Elect Brown and his Program 
Committee followed the established policy 
of holding all Scientific Sessions in the 
morning and thereby afforded ample time 
to the members and guests of the Society 
to visit these magnificently displayed ex- 
hibits. This arrangement proved most re- 
warding to the Exhibitors, who, by consen- 
sus, also reaped the greatest success at this 
year's Annual Meeting. 

The Society expresses its sincerest thanks 
and deep appreciation to the following 
exhibiting firms who contributed so sig- 
nificantly to this outstanding success: 
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Abbott Laboratories, North Chicago, Il- 
linois; Agfa-Gevaert, Inc., Teterboro, New 
Jersey; Albert Acan X-Ray, Detroit, Michi- 
gan; Atomic Energy of Canada, Ltd., Ot- 
tawa, Ontario, Canada; Automatic Serio- 
graph (Litton Medical Products), Des 
Plaines, Illinois; Automation Industries, 
Inc., Sperry Products Division, Danbury, 
Connecticut; Barber-Colman Company, 
Rockford, Illinois; Barnes Engineering 
Company, Instrument Division, Stamford, 
Connecticut; Bar-Ray Products, Brook- 
lyn, New York; Bell-Craig, Inc., Long 
Island City, New York; The Bethlehem 
Corporation, Bethlehem, Pennsylvania; 
Cascade X-Ray Specialties, Yakima, 
Washington; Cenco X-Ray Company, Chi- 
cago, Illinois; Continental X-Ray Cor- 
poration, Chicago, Illinois; Cook, In- 
corporated, Bloomington, Indiana; Cordis - 
Corporation, Miami, Florida; Diagnostic 
Electronics Corporation, Lexington, Mas. 
sachusetts; Dunlee Corporation, Bellwood, 
Illinois; Eastman Kodak Company, Ro- 
chester, New York; Eichenlaubs, Inc., 
Pittsburgh, Pennsylvania; E. I. Du Pont 
de Nemours and Company, Wilmington, 
Delaware; Electro-Catheter Corporation, 
Rahway, New Jersey; Encyclopaedia 
Britannica, Inc., Chicago, Illinois; Eureka 
X-Ray Tube Corporation (Division of 
Litton Industries), Chicago, Illinois; E-Z 
Em Company, Inc., Westbury, New York; 
Field Emission Corporation, McMinn- 
ville, Oregon; Flow Pharmaceuticals, Inc., 
Mountain View, California; General 
Aniline and Film Corporation, New York, 
New York; General Electric Company (X- 
Ray Department), Milwaukee, Wisconsin; 
Robert P. Gillotte and Company, Inc., 
Cayce, South Carolina; Gordon Consul- 
tants, Inc., New York, New York; Grune 
& Stratton, Inc., New York, New York; 
Halsey X-Ray Products, Inc., Brooklyn, 
New York; Hoechst Pharmaceutical Com- 
pany, Cincinnati, Ohio; Hoffrel Instru- 
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ments, Norwalk, Connecticut; Hogan X- 
Ray Company, Philadelphia, Pennsyl- 
vania; Ilford Inc., New York, New York; 
Keleket, Division of LFE, Waltham, Mas- 
sachusetts; Kilgore International, Cold- 
water, Michigan; Liebel-Flarsheim Com- 
pany, Cincinnati, Ohio; Litton Medical 
Products Group of Litton Industries, 
Beverly Hills, California; Machlett Lab- 
oratories, Inc., Stamford, Connecticut; 
Magnaflux Corporation, Chicago, Illinois; 
Mallinckrodt Pharmaceuticals, St. Louis, 
Missouri; Medigraph, Inc., Nashville, Ten- 
nessee; Neisler Laboratories, Inc., New 
York, New York; Nicholas Laborator- 
ies, Ltd., White Plains, New York; North 
American Philips Company, Inc., New 
York, New York; Nuclear-Chicago Cor- 
poration, Des Plaines, Illinois; Ohio-Nu- 
clear, Inc., Cleveland, Ohio; Pako Cor- 
poration, Minneapolis, Minnesota; Phy- 
sicians Technical Equipment Company, 
Inc., New York, New York; Picker Cor- 


poration, White Plains, New York; Pro- 
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fexray (Litton Medical Products), Des 
Plaines, Illinois; The Purdue Frederick 
Company, Yonkers, New York; Radx Cor- 
poration, Houston, Texas; Raytheon Com- 
pany, Lexington, Massachusetts; W. B. 
Saunders Company, Philadelphia, Penn- 
sylvania; Schick X-Ray Company, Inc., 
Wilmette, Illinois; Frank Scholz X-Ray 
Corporation, Boston, Massachusetts; Sie- 
mens Medical of America, Inc., Union, 
New Jersey; E. R. Squibb & Sons, New 
York, New York; Standard X-Ray Com- 
pany, Chicago, Illinois; Charles C Thomas, 
Publisher, Springfield, Illinois; U. S. Cath- 
eter & Instrument Corporation, Glens 
Falls, New York; United States Radium 
Corporation, Morristown, New Jersey; 
Westinghouse Electric Corporation, Pitts- 
burgh, Pennsylvania; Winthrop Labora- 
tories, New York, New York; Wolf X-Ray 
Corporation, Jamaica, New York; X- 
Scope Corporation, New Orleans, Louisi- 
ana; Year Book Medical Publishers, Inc., 
Chicago, Illinois. 
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AMERICAN ROENTGEN RAY SOCIETY 
ELECTS NEW OFFICERS 

At the Sixty-ninth Annual Meeting of 
the American Roentgen Ray Society held 
at the Jung Hotel, New Orleans, Louisiana, 
October 1-4, 1968, the following officers 
were elected: President, Stephen W. Brown, 
M.D., Augusta, Georgia; President-Elect, 
James C. Cook, M.D., Detroit, Michigan; 
First Vice-President, Seymour F. Ochsner, 
M.D., New Orleans, Louisiana; Second 
Vice-President, Herbert M. Stauffer, M.D., 
Philadelphia, Pennsylvania; Secretary, Ted 
F. Leigh, M.D., Emory University Clinic, 
Atlanta, Georgia 30322; Treasurer, Colin 
B. Holman, M.D., Mavo Clinic, Rochester, 
Minnesota 55901. 

The Seventieth Annual Meeting of the 
Societv will be held at the Washington- 
Hilton Hotel, Washington, D.C., Septem- 
ber 30-October 3, 1968. 

THE SOCIETY FOR PEDIATRIC 
RADIOLOGY 

The Eleventh Annual Meeting of the 
Society for Pediatric Radiologv was held 
at the Jung Hotel, New Orleans, Louisiana, 
September 30, 1968, in conjunction with 
the Sixty-ninth Annual Meeting of the 
American Roentgen Ray Society, October 
I—4, 1968. 

This meeting was preceded by a special 
session held in the Vieux Carre Room, at 
the Royal Orleans Hotel, September 28, 
1968. The program for this special session 
consisted of: Pediatric Radiology — Dis- 
cussion, by David H. Baker, John L. 
Gwinn, Frederic N. Silverman, and. Rich- 
ard G. Lester; Pediatric Tumor Protocol; 
Benefits versus Risks and Members’ Mis- 
cellany. 

The program of the Eleventh Annual 
Meeting, held in the South Hall of the 
Jung Hotel, was under the Chairmanship of 
President-Elect David H. Baker. It was of 
an outstanding quality and was unusually 
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well attended. The Luncheon Address was 
delivered by M. B. Ozonotf, on “Esthetic 
Radiology: Ancient Bones and Old Paint- 
ings.” 

The new officers elected for 1968-1969 
are: President, David H. Baker, M.D., 
New York, New York; President-Elect, 
John A. Kirkpatrick, M.D., Philadelphia, 
Pennsylvania; and Secretary-Treasurer, 
John L. Gwinn, M.D., Children’s Hospital, 
4614 Sunset Boulevard, Los Angeles, Cali- 
fornia. 

The Twelfth Annual Meeting will be 
held at the Washington-Hilton Hotel, 
Washington, D.C., September 29, 1969. 

THE AMERICAN SOCIETY OF NEURO- 

RADIOLOGY 


Sixth Annual Meeting 


The Sixth Annual Meeting of the Ameri- 
can Society of Neuroradiology was held at 
the Jung Hotel, New Orleans, Louisiana, 
September 27-28, 1968. 

The American Society of Neuroradiology 
was formed on April 19, 1962 in New York. 
The following purposes of the organization 
were unanimously adopted by the 14 
Founding Members: 1. To develop and 
support standards for the training in the 
practice of Neuroradiology; 2. to foster 
independent research in Neuroradiology; 
and 3. to promote a closer fellowship and 
exchange of ideas among neuroradiologists. 

The American Society of Neuroradiology 
was incorporated in the State of New York 
on February 1, 1965 as a membership cor- 
poration. 

Senior membership in the Society is by 
invitation and open to Board Certified 
radiologists residing in the Western Hemi- 
sphere with 2 years of formal training or 4 
years of special experience or a combination 
thereof. Active members must devote ap- 
proximately half or more of their profes- 
sional practice to Neuroradiology. 

There are presently 113 members in all 
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categories for the United States, Canada 
and Central and South America. 

The annual meetings of the Society gen- 
erally take place at the time of other na- 
tional Radiology, Neurology, Neurosurgery 
or Neuropathology Societies, immediately 
either preceding or following these meet- 
ings. 

The Sixth Annual Meeting was held 
preceding the Sixty-ninth Annual Meeting 
of the American. Roentgen Ray Society, 
October 1—4, 1968. 

There was an excellent program of 25 
interesting papers presented under the 
Chairmanship of Dr. Harold O. Peterson, 
President and Dr. Colin B. Holman, Vice- 
President of the Society. 

The new officers elected for 1968-69 are: 
President, Colin B. Holman, M.D., Roch- 
ester, Minnesota; President-Elect, Giovanni 
DiChiro, M.D., Bethesda, Maryland; Vice- 
President, Gordon Potts, M.D., New York, 
New York; and Secretary- Treasurer, Alan 
E. Zimmer, M.D., Danbury, Connecticut 
(re-elected). 


THE ROCKY MOUNTAIN RADIO- 
LOGICAL SOCIETY 


At the last Annual Meeting of the Rocky 
Mountain Radiological Society, the follow- 
ing new officers were elected for 1969: 
Clarence N. Sorensen, M.D., Scottsbluff, 
Nebraska, President; John M. Grogan, 
M.D., Denver, Colorado, President-Elect; 
James W. Barber, M.D., Cheyenne, 
Wyoming, zst Vice-President; David J. 
Stephenson, M.D., Englewood, Colorado, 
2nd Vice-President; Robert W. Lackey, 
M.D., Denver, Colorado, Secretary-Trea- 
surer; and H. Milton Berg, M.D., Bis- 
marck, North Dakota, Historian. 

The next annual meeting of the Society 
will be held in Denver at the Brown Palace 
Hotel on August 21, 22, and 23, 1909. 


NEW OFFICERS OF THE HEALTH 
PHYSICS SOCIETY 


The following newly elected officers of 
the Health Physics Society for 1968-69 
were announced at the Society’s Thir- 
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teenth Annual Meeting in Denver, Colo- 
rado, June 16-20, 1968: President, Wright 
H. Langham, Los Alamos Scientific Labor- 
atory, Los Alamos, New Mexico; President- 
Elect, J. Newell Stannard, University of 
Rochester Medical Center, Rochester, New 
York; Secretary, R. J. Augustine, National 
Center for Radiological Health, 1901 Chap- 
man Avenue, Rockville, Maryland 20852; 
and Treasurer, Harold H. Abee, Health 
Physics Division, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee 37830. 

The Fourteenth Annual Meeting of the 
Health Physics Society will be held at the 
Pittsburgh-Hilton Hotel in Pittsburgh, 
Pennsylvania, June 8-12, 1969. 

Abstracts (15 copies) for presentation at 
the meeting should be sent to Billy G. 
Dunavant, Nuclear Sciences Building, Uni- 
versity of Florida, Gainesville, Florida 
32601, before February 1, 1969. Forms and 
instructions for submitting an abstract 
may be obtained from R. F. Cowing, 194 
Pilgrim Road, Boston, Massachusetts 
02215. 

For information regarding the meeting 
and exhibit space, please write to: W. E. 
Piros, Atomic Equipment Division, Post 
Office Box 217, Cheswick, Pennsylvania 
15024. 


DIAGNOSTIC RADIOLOGY 
University of California San Francisco 
Medical Center 

This is the Twelfth Annual Postgraduate 
Course in Diagnostic Radiology to be pre- 
sented by the Department of Radiology 
and Continuing Education in Health Sci- 
ences of the University of California San 
Francisco Medical Center, March 4-8, 
1969. 

It is an intensive 5 day course which in- 
cludes lectures, panel discussions, sym- 
posia, exhibits, and a social hour. Keg- 
istrants may enroll for the full 5 days or by 
the day. A complete program will be mailed 
later. 

The Program Chairman is Alexander R. 
Margulis, M.D., Professor and Chairman, 
Department of Radiology, University of 
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California School of Medicine, San Fran- 
cisco. The Program Director is Howard L. 
Steinbach, M.D., Professor of Radiologv, 
University of California School of Medi- 
cine, San Francisco; and the Assistant 
Program Director is Leslie Preger, M.B., 
Assistant Professor of Radiology, Uni- 
versity of California School of Medicine, 
San Francisco. 

The course will be conducted by the 
faculty of the Department of Radiology 
of the University of California School of 
Medicine, San Francisco, and the following 
guest speakers: Guido Currarino, M.D., 
Children's Medical Center, Dallas, Texas; 
Dr. Frank Dovle, Department of Radio- 
logy, Hammersmith Hospital, Roval Post- 
graduate Medical School, London, Eng- 
land; Dr. Ronald G. Grainger, Consultant 
Radiologist, Royal Infirmary Hospital, 
Shefheld, England; Torgny Greitz, M.D., 
Head, Neuroradiologic Department, Ka- 
rolinska Sjukhuset, Stockholm, Sweden: 
Leslie M. Zatz, M.D., Associate Professor 
of Radiology, Stanford University School 
of Medicine, Palo Alto, California; Pro- 
fessor Albert Jutras, M.D., Chairman, 
Department of Radiologv, Universitv of 
Montreal, Montreal, Canada; Paul D. 
kahn, M.D., New England Medical Center 
Hospital, Tufts-New England Medical 
Center, Boston, Massachusetts; Jack Revn- 
olds, M.D., Professor of Radiologv, The 
University of Texas, Southwestern Medical 
School, Dallas, Texas; Elias G. Theros, 
M.D., Chief, Radiologic Registry, The 
Armed Forces Institute of Pathology, 
Washington, D.C.; and Lewis Wexler, 
M.D., Assistant Professor of Radiology, 
Stanford University School of Medicine, 
Palo Alto, California. 

For enrollment please apply to: Depart- 
ment M, Sevmour M. Farber, M.D., Dean 
of Educational Services and Director of 
Continuing Education in Health Sciences, 
University of California, San Francisco, 
California 94122. 

Interns and Residents planning to attend 
are urged to register in advance to deter- 
mine available space needed. 
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PEDIATRIC RADIOLOGY-NEWER AS- 
PECTS OF PEDIATRIC NEOPLASTIC 
DISEASES 
Postgraduate Course 

This Postgraduate Course will be given 
at Cornell University Medical College, 1300 
York Avenue, New York, New York, May 
I~ 3, 1969. 

The Guest Faculty includes: David 
Baker, M.D., Columbia University; Wal- 
ter Berdon, M.D., Columbia University: 
Harry Bishop, M.D., Universitv of Penn- 
sylvania School of Medicine; Mrs. Helen 
Brown, Cancer Advisory Council, Cali 
fornia; Sidney Carter, M.D., Columbia 
University; Amos Christi, M.D., Vander- 
bilt University School of Medicine; J. S. 
Dunbar, M.D., McGill University Medical 
School; Robert Good, M.D., Universitv of 
Minnesota; Robert W. Miller, M.D., Na- 
tional Cancer Institute; Laurance Picket, 
M.D., Yale University School of Medi- 
cine; Edward B. Singleton, M.D., Bavlor 
University College of Medicine; and Mel. 
vin Tettt, M.D., Boston Children’s Medical 
Center. 

For further information please contact 
Herman Grossman, M.D., Department ot 
Radiology, New York Hospital-Cornell 
Medical Center, 525 East 68th Street, New 
York, New York 10021. 


ARMED FORCES INSTITUTE 
OF PATHOLOGY 

The Medical Museum of the Armed 
Forces Institute of Pathology, 701 Inde- 
pendence Avenue, S.W., Washington, 
D. C., an historic landmark, closed its 
doors to the public on October 4, 1968. 

The exhibits now in the Museum will be 
placed in active storage during which time 
they will be developed into more modern 
displavs. The entire Museum will be relo- 
cated at a future date on the grounds of 
Walter Reed Army Medical Center. When 
the move takes place, the Medical Museum 
and The Armed Forces Institute of Pathol- 
ogy will be joined to make one of the larg- 
est building complexes devoted to pathol- 
ogv in the world. 
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Captain Elgin C. Cowart, MC, USN, 
Curator of the Medical Museum of The 
Armed Forces Institute of Pathologv, said, 
“The new location of the Museum will pro- 
vide the same floor footage as the present 
Museum.” Thus there will be enough space 
for all administrative offices, research 
facilities and museum exhibits presently 
located at the Medical Museum. Research 
projects include the study of tropical dis- 
eases, wound ballistics and the study of 
tissue reactions to drugs. The Museum will 
continue to display memorabilia on Presi- 
dents Lincoln and Garfield, the largest 
microscope collection in the United States, 
North Vietnamese war weapons and its 
unique Hall of Pathologv. 


WORKSHOP IN PEDIATRIC RADIOLOGY 

The Third Annual Workshop in Pediatric 
Radiologv will be held at the Children's 
Mercy Hospital, Kansas City, Missouri, 
April 21-25, 

Guest professor will be John Cattey, 
M.D. 

Only 10 registrants will be accepted 
which permits the curriculum to include 
participation in daily patient care, special 
procedures, guest professor lectures, teach- 
ing file seminars, and scientific exhibit re- 
view. 

For additional information please write 
to Chas. E. Shopfner, M.D., Head, Depart- 
ment of Radiology, Children's Mercy Hos- 
pital, 1710 Independence Avenue, Kansas 
City, Missouri 64106. 
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TWELFTH W. EDWARD 
CHAMBERLAIN LECTURE 
The Twelfth Lecture correlating Radiol- 
ogy and Physiology in the series honoring 
Dr. W. Edward Chamberlain, Emeritus 
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Professor of Radiology, will be given by 
Dr. Earl H. Wood, Professor of Physiology, 
Graduate School of Medicine, University of 
Minnesota, on January 28, 1969 at 4:00 
p.M. in the Auditorium of the Temple 
University School of Medicine, 3400 North 
Broad Street, Philadelphia, Pennsylvania. 

The title of Dr. Wood's lecture is  Roent- 
gen Videodensitometry and Videometry for 
the Study of Circulatory Dynamics.” 


THE CANADIAN ASSOCIATION OF RA- 
DIOLOGISTS; L'ASSOCIATION CANA- 
DIENNE DES RADIOLOGISTES 

The Thirty-second Annual Meeting of 
the Canadian Association of Radiologists 
will be held at the Hotel Vancouver, Van- 
couver, B.C., March 10-14, 1969 (the sci- 
entific portion of the program being held 
March 11th to 14th). 

For further details please write to: The 
Scientific Program Committee, The Canad- 
ian Association of Radiologists, 1555 Sum- 
merhill Avenue, Suite 511, Montreal 109, 
P.Q., Canada. 


THE AMERICAN BOARD OF RADIOLOGY 


The Oral Examinations of the American 
Board of Radiology will be held at the 
Pittsburgh Hilton Hotel, Pittsburgh, Penn- 
svlvania, June 2-6, inclusive, 1969; and at 
the Statler Hilton Hotel, Dallas, Texas, 
December 8-12, inclusive, 1969. 

The written Examination will be held in 
selected sites, Saturdav, June 21, 1969. 

The deadline for filing applications for 
any of the above three examinations 1s 
December 31, 1968. 

As of January 1, 1969, all correspondence 
should be addressed to the new Secretary, 
C. Allen Good, M.D., The American Board 
of Radiology, Kahler Center Building, 
Rochester, Minnesota §5901. 
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BOOK REVIEW 





Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for 
the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 








X-Ray DIAGNOSIS FOR CLINICAL STUDENTS AND 
PRACTITIONERS. Second edition. By G. 
Simon, M.D., F.R.C.P., F.F.R., Radiologist 
at St. Bartholomew's Hospital and Director 
of the X-Ray Department, The Brompton 
Hospital. Cloth. Pp. 248, with some illus- 
trations. Price, $12.50. Appleton-Century- 
Crofts, Division of Meredith Publishing 
Company, 440 Park Avenue South, New 
York, N. Y. 10016, 1968. 


This book was written primarily for the 
medical student during his clinical training, for 
the recently graduated physician during the 
internship, and for the general practitioner. It is 
not intended as a textbook of radiology. It 
presupposes previous basic training in normal 
X-ray anatomy during preclinical years and 
extends such teaching into the period of train- 
ing in clinical medicine. 

The book is based largely on the author’s 
experience during the war years, when as a 
radiologist, he took part in the systematic in- 
struction of clinical students in X-ray diagnosis. 
He found that this task was invaluable, not 
only in the teaching of radiologic anatomy as a 
basis for X-ray interpretation, but also in 
acquainting students with the place of radiology 
in diagnosis and prognosis. Familiarity not only 
with radiologic methods and scope, but also 
radiologic limitations are emphasized. In addi- 
tion, emphasis is placed on the fact that radiol- 
ogy can undoubtedly be of value in helping a 
student visualize certain pathologic processes 
which are not easily demonstrated by morbid 
histology. Indeed, in many cases radiology is 
the only way to teach the appearance of func- 
tional disorders for which there is no demon- 
strable anatomic basis. 

This second edition is divided into 6 major 
parts, in which Part 1 serves as an introduction 
to diagnostic radiology. There is a concise dis- 
cussion of X-rays from the standpoint of na- 
ture, mode of production, properties and haz- 
ards. A general discussion of special X-ray 
techniques, radiologists and radiologic depart- 
ments 1s included. Patient preparation and the 
use of contrast media is presented. 


In Part 2, under Radiology in. Bone and 
Joint Diseases, the material includes among 
other subjects, trauma, infections, congenital 
lesions, nutritional disorders, and arthritis. 
Radiology of the Abdomen is dealt with in Part 
3, 1n which both the gastrointestinal tract and 
urogenital tract are considered. Fifty-five pages 
are devoted to Radiology of the Chest in Part 4. 
The common problems likely to be encountered 
by a clinician in general practice are well 
covered from the radiologic standpoint. Part s 
Is devoted to Radiology of the Head and Neck 
and includes not onlv discussions of the skull 
and central nervous svstem, but also the teeth 
and jaws, the sinuses, the ear and salivary 
glands. 

A sixth. and final miscellaneous chapter is 
devoted to common problems likely to be en- 
countered by the clinician, such as the relation- 
ship of radiology and the law, radiology and 
psychology, the usefulness of radiology in 
clinical complaints of backache, radiologic 
findings in dyspnea, radiology in fever of un. 
known origin, radiology in hemoptysis, and 
radiology in heart murmurs encountered in an 
asymptomatic child. 

When one accepts the fact that the intent of 
the book is to present radiology from the point 
of view of the clinical student faced with a 
patient with varying symptoms and physical 
signs and having the final responsibility for the 
treatment, the book achieves its purpose ad- 
mirablv. Wherever feasible, necessary clinical 
material has been included. The material is 
simply presented for easy reading and the 
illustrations are excellent. 

The book will make a valuable contribution, 
not only to the general library of the medical! 
school, but also to any hospital library in which 
the graduated physician is continuing his clin- 
ical training. 

E. NICHOLAS SARGENT, M.D. 


BOOKS RECEIVED 


ATLAS or FLUORESCENCE l'UNDUs ANGIOGRAPHY. By 
Shinichi Shikano, M.D., Director and Professor, 
Department of Ophthalmology, University of 
Tokyo School of Medicine; and Koichi Shimizu, 
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M.D., Assistant Professor, Department of Oph- 
thalmology, University of Tokyo School of Medi- 
cine. Cloth. Pp. 201, with many illustrations. 
Price, $28.00, Canadian price, $30.25. W. B. 
Saunders Company, West Washington Square, 
Philadelphia, Pa. 19105, 1968. 


SoLrrary Merastases. By Philip Rubin, M.D., 
Professor and Chief, Division of Radiotherapy 
and Radioisotopes; Associate in the Department 
of Medicine and Surgery, University of Rochester 
Medical Center, Strong Memorial Hospital, Roch- 
ester, N. Y.; and Jerold Green, M.D., Division of 
Radiotherapy and Radioisotopes, University of 
Rochester Medical Center, Strong Memorial 
Hospital, Rochester, N. Y.; Presently, Associate 
Director, Zellerbach Saroni Tumor Institute, 
Mount Zion Hospital and Medical Center; Assis- 
tant Clinical Professor of Radiology, University of 
California Medical School, San Francisco, Calif. 
Cloth. Pp. 252, with many illustrations. Price, 
$14.75. Charles C Thomas, Publisher, 301-327 
East Lawrence Avenue, Springfield, Ill. 62703, 
1968. 


CONGENITAL ANOMALIES OF THE CAROTID ARTERIES. 


Including the carotid-basilar and carotid-vertebral 
anastomoses; an angiographic study and a review 
of the literature. By T. A. Lie, Consultant Neuro- 
surgeon at the St. Elisabeth Hospital, Tilburg, 
The Netherlands. Cloth. Pp. 154, with many 
illustrations. Price, $10.00. Excerpta Medica 
Foundation, Herengracht 119-123, Amsterdam- 
C., The Netherlands, 1968. 


TECHNOLOGIST GUIDE ro MAMMOGRAPHY. By Robert 


L. Egan, M.D., Professor of Radiology and Chief, 
Mammography Section, Department of Radiol- 
ogy, Emory University School of Medicine, 
Atlanta, Ga. Cloth. Pp. 124, with many illustra- 
tions. Price, $8.75. The Williams & Wilkins Com- 
pany, 428 E. Preston Street, Baltimore, Md. 
21202, 1968. 

SURGICAL AND ALLIED Matpractice. By Bernard J. 
Ficarra; A. B., Se. B., LL. B., M.D., Sc.D., Ph.D., 
LL.D., J.D., Diplomate of the American Board of 
Surgery; Fellow of the American College of Legal 
Medicine; Fellow of the International Academy of 
Law and Science; Member of the Society of Medi- 
cal Jurisprudence; Research Associate, Post- 
Graduate School, Long Island University, Green- 
vale, Long Island, N. Y. Cloth. Pp. 1234. Price, 
$60.00. Charles C Thomas, Publisher, 301-327 


Books Received 


RaproLoGic ‘TECHNOLOGY. 


DECEMBER, 1968 


East Lawrence Avenue, Springfield, Ill. 62703, 
1968. 

Fourth edition. By 
Charles A. Jacobi, B.Sc., R.T.(A.R.R.T.), Lec- 
turer and Head, Department of Radiologic Tech- 
nology, College of General and Technical Studies, 
Nevada Southern University, Las Vegas, Nevada; 
formerly Assistant Professor, Medical Radiologic 
Technology, and Member, Radioisotopes Commit- 
tee, Oregon Technical Institute, Klamath Falls, 
Oregon; and Don Q Paris, R.T.(A.R.R.T.), 
Lecturer, Department of Radiologic Technology, 
College of General and Technical Studies, Nevada 
Southern University, Las Vegas, Nevada; formerly 
Assistant Professor and Chairman, Medical 
Radiologic Technology, Oregon Technical In- 
stitute, Klamath Falls, Oregon. Cloth. Pp. 481, 
with many illustrations. Price, $12.75. C. V. 
Mosby Company, 3207 Washington Boulevard, 
St. Louis, Mo. 63103, 1968. 


New TRENDs IN Basic LympuHo.tocy. Proceedings of 


a Symposium held at Charleroi, Belgium, July 11- 
15, 1966. Edited by J. M. Collette, Hopital Civil 
de Charleroi, Belgium; G. Jantet, King Edward 
Hospital, London, England; and E. Schoffeniels, 
University of Liége, Belgium. Organized by the 
Council for International Organizations of Medical 
Sciences. Cloth. Pp. 235, with some illustrations. 
Price, SF 48.—. Birkhauser Verlag, P. O. Box 34, 
CH-4000 Basel 10, Switzerland, 1968. 


ArvLAS OF RADIATION Dose Distrrisutions. Volume 


III. Moving-Field Isodose Charts. By K. C. Tsien, 
J. R. Cunningham, D. J. Wright, D. E. A. Jones, 
and P. M. Pfalzner. Paper. Pp. 57, with 54 1sodose 
charts and 114 plots of dose profiles. Price, $15.00. 
International Atomic Energy Agency, Vienna. 
Distributed by International Publications, Inc., 
317 East 34th Street, New York, N. Y. 10016, 
1967. 


TUMORS or THE ORAL CAVITY AND PHARYNX. ATLAS 


or Tumor Patuo.ocy, Section [V—Fascicle 10b. 
By Malcolm B. Dockerty, M.D.C.M., MLS. 
(Path.), Edith M. Parkhill, M.D., M.S. (Path.), 
David C. Dahlin, M.D., M.S.(Path.), Lewis B. 
Woolner, M.D.C.M., M.S.(Path.), Edward H. 
Soule, M.D., and Edgar G. Harrison, Jr., M.D., 
M.S.(Path.). Published by the Armed Forces 
Institue of Pathology. Paper. Pp. 286, with many 
illustrations. For sale by the American Registry 
of Pathology, Armed Forces of Pathology, Wash- 
ington, D. C. 20305, 1968. 


SOCIETY PROCEEDINGS 
———————————————————————————HE——————— 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoENTGEN Ray Society 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Washington-Hilton 
Hotel, Washington, D.C., September 3o-October 3, 1969. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. John V. Blady, The Parkway House, 
2201 Benjamin Franklin Parkway, Philadelphia, Pa. 
19130. Annual meeting: Bellevue Stratford Hotel, 
Philadelphia, Pa., April, 28-30, 1969. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ill., Dec. 1-6, 1968. 

AMERICAN COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Regency Hyatt 
House, Atlanta, Ga., Feb. 18-22, 1969. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: New York 
N. Y., July 13-17, 1969. 

AMERICAN Boanp or RaDIOLoGy 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Center Building, Rochester, Minn. 

The oral examinations will be held at the Pittsburgh 
Hilton Hotel, Pittsburgh, Pa., June 2-6, inclusive, 1969; 
and at the Statler Hilton Hotel, Dallas, Texas, Dec. 8-12, 
inclusive, 1969, 

The written examination will be held in selected sites, 
Saturday, June 21, 1969. 

The deadline for filing applications for any of the above 
three examinations is December 31, 1968. 

As of Jan. 1, 1969, all correspondence should be ad- 
dressed to the new secretary, C. Allen Good, M.D., The 
American Board of Radiology, Kahler Center Building, 
Rochester, Minnesota 55901. 

AMERICAN ASSOCIATION OF Puysicists IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80907. 

AMERICAN Society Fon DiaGNosTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

AMERICAN SOCIETY OF NEURORADIOLOGY 
Secretary-Treasurer, Dr. Alan E. Zimmer, Danbury, 
Conn. o6810. 

TWELFTH INTERNATIONAL ConGREss or RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otani, Tokyo, Japan, 
Oct. 6-11, 1969. 

TENTH INTER-AMERICAN Concress or RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Penrose Cancer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 

President, Dr. Juan A. del Regato, Colorado Springs, 
Colo., USA. 

Secretary, Dr. F. Bloedorn, Boston, Mass., USA. 
Meeting: San Juan, Puerto Rico, 1971. 

INTER-AMERICAN COLLEGE OF RaDIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Perú. 


> 


ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

ALASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. Bruce C. Wright, Providence Hospital, 
Anchorage, Alaska. Meets third Wednesday each month. 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert E. Steyskal, sso W. 
Thomas Rd., Phoenix, Ariz. 85013. Two regular meetings 
a year. Annual meeting at time and place of State Medi- 
cal Association and interim meeting six months later. 

ARKANSAS CHAPTER OF AMERICAN COLLEGE OF RADIOLOGY 
Secretary-Treasurer, Dr. Wilma C. Diner, Univ. of 
Arkansas Medical Center, Little Rock, Ark. 72201. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 1108} Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

ASSOCIATION OF University RADIOLOGISTS 
Secretary-Treasurer, Dr. Alexander Gottschalk, Univer- 
sity of Chicago Medical School, Chicago, Ill. 60637. 
Annual Meeting: University of California, San Francisco, 
May 7-10, 1969. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

BAVARIAN-AMERICAN RADIOLOGIC SOCIETY 
Advisor, Colonel Paul E. Sieber. Secretary, Major Peter 
B. Riesz, USAH Bad Cannstatt, APO 09154, New York. 
N. Y. Meets quarterly. 

BLocKLEY RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. John Gould, 41 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

BLUEGRAss RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly, 

BnaookLvN RADIOLOGICAL SOCIETY 
Secretary, Dr. Skottowe DePass, 69-13 Forest Ave., 
Brooklyn, N. Y. 11227. Meets first Thursday of each 
month, October through June. 

BurrALo RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Sheehan, 36 Briarlee Drive, Tona- 
wanda, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer: Dr. Leroy K. Mills, 3157 Oakcliff 
Circle, Carmichel, Calif. 95608. Meets annually during 
meeting of California Medical Association. 

CatawBa VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
I2:00 NOON. 

CENTRAL New York RapioLocicaL Society 
Secretary-Treasurer, Dr. George, Mitchell, Radiology 
Department, Syracuse Memorial Hospital, Syracuse, 
N. Y. 13210. Meets first Monday each month, October 
through May. 

CENTRAL Onto RaporoLocicaL SociETY 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd., 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 15 and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 

CuicAco RoENTGEN SOCIETY 
Secretary-Treasurer, Dr. Howard C. Burkhead, 2650 
Ridge Ave., Evanston, Ill. 60202. Meets third Wednes- 
day of each month, October to April, except December, 
at the University Club of Chicago. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Farmer, 18869 Canyon 
Rd. Fairview Park, Ohio 44126. Meetings at 7:00 P.M. 
on fourth Monday of October, November, January, 
February, March and April. 

CoronApo RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Seibert, Department of Radiol- 
ogy, Swedish Hospital, sor E. Hampton, Englewood, 
Colo. 80110. Meets third Friday of each month at Denver 
Athletic Club from September through May. 

Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

DaLLAs-Fonr WonTH RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert J. Atcheson, 1401 S. 
Main St., Fort Worth, Texas 76104. Meets monthly, 
third Monday, at Southwest International Airport at 
6:30 P.M. 

Detroit RoENTGEN Ray SOCIETY 
Secretary, Dr. David P. Corbett, Harper Hospital, 
Detroit, Mich. 48201. Meets monthly, first Thursday, 
October through May, at David Whitney House, 1010 
Antietam, at 6:30 P.M. 

East Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Allen B. Freitag, 411 3oth Str., Oakland, 
Calif. 94609. Meets first Thursday each month, Oct. 
through May, at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

FLonipA RADIOLOGICAL SOCIETY 
Secretary, Dr. John C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

FrLoniDA West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Allen M. Sheer, 501 E. Buffalo Ave., 
Tampa, Fla. 33603. Meets in January, March, May, 
July, September and November. 

GeoraiA RADIOLOGICAL SOCIETY 

CHAPTER OF THE AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Walker Harris, The Medical Center, 
Columbus, Georgia 31902. Meets in spring and fall at 
Annual State Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER M1aMI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Sylvan H. Sarasohn, North 
Miami General Hospital, 1701 Northeast 127th St., North 
Miami, Fla. 33161. Meets monthly, third Wednesday 
at 8:00 P.M. at Jackson Memorial Hospital, Miami, Fla. 

GREATER Sr. Louis Society or RADIOLOGISTS 
Secretary-Treasurer, Dr. Roland P. Ernst, 3720 Wash- 
ington Ave., St. Louis, Mo. 63108. 

Hawar RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Thomas C. Brown, 1697 Ala 
Moana Blvd., Honolulu, Hawaii 96815. Meets third 
Monday of each month at 7:30 P.M. 

Heattu Puysics SOCIETY 
Secretary, R. J. Augustine, National Center for Radio- 
logic Health, 1901 Chapman Ave., Rockville Md. 20852. 
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Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Thomas S. Harle, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 p.m., Houston, Tex. 
IpAHO STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 
ILLiNois RADIOLOGICAL SOCIETY, INC. 
Secretary, Dr. C. R. Markivee, 674 North Seminary St., 
Galesburg, Ill. 61401. Meets in the spring and fall. 
INDIANA ROENTGEN Sociery, INc. 
Secretary, Dr. Edwin F. Koch, Jr., 915 University Ave., 
Muncie, Ind. 47303. Meets first Sunday in May and dur- 
ing fall meeting of Indiana State Medical Association. 
Iowa RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. J. H. Lohnes, 1948 First Ave., 
N.E., Cedar Rapids, lowa 52402. Luncheon and business 
meeting during annual session of Iowa State Medical 
Society. The scientific section is held in the autumn. 
Kansas RADIOLOGICAL SOCIETY 
Secretary-Treasorer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 
Kentucky CHAPTER, AMERICAN COLLEGE OF RADIOLOGY 
Secretary- Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 
way, Lexington, Ky. 40504. Meets in April and Sep- 
tember. 
KixcGs County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 3o, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 
KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 
Lone Istanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert J. Hochstim, 1200 Stewart Ave., 
Garden City, N. Y. 11533. Meets monthly. 
Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. John L. Gwinn, Childrens Hospital of Los 
Angeles, 4650 Sunset Blvd., Los Angeles, Calif. 90027. 
Meets second Wednesday of month in September, 
November, January, April and June at Los Angeles 
County Medical Association Building, Los Angeles, Calif. 
LovuisiANA-TExas GuLF Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. 
Marne RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bearor, Maine Medi- 
cal Center, Portland, Maine 04102. Meets in June, Sep- 
tember, December and April. 
MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 
MASSACHUSETTS RADIOLOGICAL SOCIETY 
Secretary, Dr. Jerome H. Shapiro, Department of 
Radiology, Boston City Hospital, 818 Harrison Ave., 
Boston, Mass. 02118. 
MEMPHIS RoENTGEN SOCIETY 
Secretary-Treasurer, Dr. Webster Riggs, Jr., The Uni- 
versity of Tennessee College of Medicine, Department of 
Radiology, Walter F. Chandler Bldg., 865 Jefferson Ave., 
Memphis, Tenn. 38103. Meets first Monday of each 
month at John Gaston Hospital. 
Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 P.M. at Miami Valley 
Hospital, Dayton, Ohio. 
Mrp-Hupson RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
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Junction, N. Y. Meets 7:00 P.M., first Wednesday of each 
month, September to May. 

MILWAUKEE ROENTGEN Ray SOCIETY 
Secretary-Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 
sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
CUN Monday, October through May, at University 

ub. 

MiNNEsOTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Warren L. Kump, 4243 Glen- 
wood Ave., Minneapolis, Minn. 55422. Meets twice annu- 
ally, fall and winter. 

MississiPPI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Muissourt RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Arthur A. Porporis, 100. N. 
Euclid Ave., St. Louis, Mo. 63108. 

MoNTANA RapioLocicAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Otto A. Troester, 924 Sharp 
Building, Lincoln, Nebraska 60508. Meets third Wednes- 
day of each month at 6 p.m. in Omaha or Lincol £ 

Nevaba RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New ENGLAND RoENTGEN Ray SOCIETY 
Secretary, Dr. Morris Simon, 330 Brookline Ave., Boston, 
Mass. 02115. Meets third Friday of each month, October 
through May, at The Longwood Towers, 20 Chapel 
Street Brookline, Mass., at 4:30 P.M. The Annual Meet- 
ing will be held May 24 and 25, 1969, at the Hotel Bel- 
mont, West Harwich by-the-sea, Cape Cod, Mass. The 
guest speaker, Dr. Lucy Frank Squire, will present the 
Twenty-fifth George W. Holmes Lecture. 

New HampsuirE RoEnTGEN Ray SOCIETY 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico AssociATION OF RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico, 

New Mexico Society or RADIOLOGISTS 
Secretary, Dr. Phil Fox, Albuquerque, New Mexico. Four 
meetings annually, three held in Albuquerque, N. M., 
and one held at time and place of New Mexico State 
Medical Society annual meeting. 

New York RoENTGEN SOCIETY 
Secretary-Treasurer, Dr. Samuel H. Madell, 1 E. 82nd St 
New York, N. Y. 10024. Meets monthly on third Monday 
at the New York Academy of Medicine at 4:30 P.M. 

New York STATE CHAPTER OF THE AMERICAN COLLEGE 

or Rapio.ocy, Ine. 

Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y., 14618. 

NortH CAROLINA CHAPTER OF ACR. 

Secretary-Treasurer, Dr. Ira Bell, Hickory, N. C. 

NonTH CanouiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

NonTH Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Ohrt, 408 Medical Arts Bldg., Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 

NonTH FronipA RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Herbert F. Reilly, Jr., 12 Sandalwood Rd., 
Scotia, New York 12302. Meets in Albany area on third 
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Wednesday of October, November, March, April, and 
May. 

NORIHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Ivan D. Siddons, 3701 J. St., Suite 
106, Sacramento, Calif. 95816. Meets fourth Monday of 
Sept., Nov., Jan., March and May at the Sutter Club in 
Sacramento. 

NORTHWESTERN Onuio RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onro STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert D. Berkebile, Elyria Memorial 
Hospital, Elyria, Ohio 44035. 

OKLAHOMA STATE RaDIOLOGICAL SOCIETY 
Secretary, Dr. Donald F. Mauritson, 100 Utica Square 
Med. Center, Tulsa, Okla. 74114. Meets in January, 
May and October. 

OranGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

OreEGON RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Clinton B. Sayler, 214 Medical 
Dental Bldg., Portland, Oregon 9720:. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

OnLEANs ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday of each 
month. 

Pactric NorTHWEST RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Marvin Wallace, 555 108th Ave. 
N. E., Bellevue, Washington 98004. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Poly- 
clinic Hosp., Harrisburg, Pa. 17105. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
54th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Edward R. Seitz, 601 Jenkins Bldg., Pitts- 
burgh, Pa. 15222. Meets second Wednesday of month, 
October through June, at Park Schenley Restaurant. 

RADIATION RESEARCH SOCIETY 
Secretary-Treasurer, Dr. Gail D. Adams, Dept. of Radi- 
ology, Univ. of Oklahoma Medical Center, Oklahoma 
City, Oklahoma 73104. 

RADIOLOGICAL SOCIETY OF CONNECTICUT, INe. 
Secretary-Treasurer. Dr. Henry J. Fox, 10 Washington 
Ave., Bridgeport, Conn. Meetings are held quarterly. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Donald E. Gunderson, 3553 
Bayard Dr., Cincinnati, Ohio 45208. Meets first Monday 
of each month at Cincinnati Academy of Medicine. 

RADIOLOGICAL SOCIETY OF GREATER Kansas City 
Secretary, Dr. J. Stewart Whitmore, toto Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL Society or Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 


RADIOLOGICAL SOCIETY OF LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave, 
New Orleans 15, La. Meets semiannually, during Loui- 
siana State Medical Society meeting and 6 months later. 

RADIOLOGICAL SOCIETY or NEW JERSEY 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. 07018. Meets in Atlantic City at time 
of State Medical Society meeting and in October or No- 
vember in Newark, N. J. 

RADIOLOGICAL SOCIETY OF RHODE [SLAND 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 
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RADIOLOGICAL SOCIETY or SoutH DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary- Treasurer, Dr. Robert G. Williams, The Santa 
Barbara Medical Clinic, P.O. Box 1200, Santa Barbara, 
Calif. 93102. Meets three times a year, usually October, 
February and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEW YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Holly wood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicHMonD County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

RocuEsrER RoENTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 
Quarterly meetings on the call of the President, at the 
Rochester Academy of Medicine. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. 21-23, 1969. 

San ANTOoNIO-MiLiTARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer’s Club at 6:30 
P.M. 

San Disco RADIOLOGICAL SOCIETY 
President-Secretary, Charles R. Henkelmann, 3909 Palm 
Drive, Bonita, Calif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Walter W. Herbert, Saint 
Francis Memorial Hospital, goo Hyde St., San Fran- 
cisco, Calif. 94109. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 

Santa CLARA County RADIOLOGICAL SOCIETY 
Secretary, Dr. D. Brendan O’Donnell, 696 E. Santa 
Clara St., San Jose, Calif. 95112. Meets monthly at the 
Santa Clara County Medical Association Bldg., 700 
Empey Way, San Jose, Calif. 

SECTION ON RapioLocGv, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

SEcrioN on RapioLocy, MeEpicaL Society OF THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1310 Southern Ave., S.E., Washington, D. C. 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 P.M. 

Section ON RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Phillip W. Voltz, Jr., 120 Medical Pro- 
fessional Bldg., San Antonio, Texas 78212. Annual meet- 
ing: to be announced. 

SecTION ON RapioLoaGv, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society ron PEDIATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Washington-Hilton Hotel, Washington, D.C., Septem- 
ber 29, 1969. 
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SOCIETY OF NUCLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Annual meeting Jung Hotel, New Orleans La., June 22- 
28, 1969. 

SourH Bav RADIOLOGICAL SOCIETY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park, Calif. 94025. Meets second Wednesday of each 
month. 

SoutH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SoutH Dakota RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave., 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary-Treasurer, Dr. Aaron G. Fingerhut, 1000 W. 
Carson St., Torrance, Calif. 90502. Meets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
meeting: Grand Hotel, Pointe Clear, Ala. 36564, Jan. 
31-Feb. 2, 1969. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marion E. Spurgeon, Memorial 
Hosp., Clarksville, Tenn. 37040. Meets annually at the 
time and place of the Tennessee State Medical Associa- 
tion meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced. 

TRI-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 P.M., Elks Club in Evans- 
ville, Ind. 

Universiry OF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor Mich. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran Strate RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Leon M. Neal, St. Benedict’s 
Hospital, 3000 Polk Ave., Ogden, Utah 84403. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital. 

VERMONT RADIOLOGICAL SOCIETY 
ees Dr. John R. Williams, 160 Allen St., Rutland, 

t 


VIRGINIA RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. K. Kenneth Wallace Jr., Nor- 
folk, Va. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Paul S. Paulson, 1001 Broadway, 
Seattle, Washington 98122. Meets quarterly. 

West Virointa RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George G. Green, Department 
of Radiology, W. Va. Univ. Medical Center, Morgan- 
town, W. Va. 26:06. Meets concurrently with Annual 
Meeting of West Virginia State Medical Society; other 
meetings arranged by program committee. 

WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
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Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer Dr. Robert E. Douglas, 117 N. 
Commerical St., Neenah, Wis. 54956. Meets twice a 
year, May and September. 

WvoMiNG RADIOLOGICAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cusa, Mexico, Puerto Rico AND CENTRAL AMERICA 


ASOCIACIÓN DE RapiéLoGos DE CENTRO AMERICA Y 
PanaMA. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SocrEDAD DE RapioLocfa DE EL SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9?. Calle A 0-05, Zona 1, 
Guatemala. 

SociEDAD DE RapioLocía v FisiorERAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SociEDAD RADIOLOGICA COSTARRICENSE 
Secretary, Dr. Carlos Cordero, Chavarri, Apartado vin, 
San José, Costa Rica. 

SociEDAD Mexicana DE RapioLocía, A.C. 

Coahuila No. 35, México 7, D. F. 
Secretary -General, Dr. Ramón Ruenes. 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SociEDAD RaprioLócicA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SociEDAD RaprioLócica DE Puerto Rico 
Secretary, Dr. Felipe N. de Jesús, !Apt. 19387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


British COMMONWEALTH OF NATIONS 


ASSOCIATION OF RaDIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

BRITISH InstiruTE or RADIOLOGY 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. r, England. Meets monthly from October 
until May. 

CANADIAN ÁssociATION OF Puysicists, Division oF 
MEDICAL AND BrioLocicaL Puysics. 

Honorary Secretary- Treasurer, Paul M.'Pfalzner, Depart- 
ment of Therapeutic Radiology, University of Western 
Ontario, London, Ontario, Canada. 

EpMoNTON AND District RADIOLOGICAL SOCIETY 
Secretary, J. D. R. Miller, M.B., University of Alberta 
Hospital, Edmonton, Alberta, Canada. Meets third 
Thursday of each month October to May, except Decem. 
ber, at various Edmonton Hospitals. 

FaAcurTY or RADIOLOGISTS 
Honorary Secretary, Dr. J. N. Pattinson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. 

FAcuLTY or RapioLocisTs, RovAL COLLEGE or SuRGEONS 
IN IRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.I., D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 


Society Proceedings 


945 


SECTION OF RapioLocy oF THE Royat Socigrv or MEDI- 
CINE (ConFINED TO MEDICAL MEMBERS) 
Meets third Friday each month at 4:45 P.M. at the Royal 
“eel of Medicine, 1 Wimpole St., London, W. 1, Eng- 
and. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald, 15s; Summerhill Ave., Montreal 2%, Que., 
Canada. Annual Meeting at the Hotel Vancouver, 
Vancouver, B.C., March 10-14, 1969. 

MoNTREAL RapnrioLocicAL Stupy CLuB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

SecTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociÉTÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, 5415 Boul. 
L’Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

CoLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St., Sydney, NS Wa 
Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RapioLocfa 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

CoLEGIo BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Miguel Mario Céntola, Caixa 
Postal 5984, Sáo Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary-General, Dr. Oswaldo E. Zerbo, Santa Fe 1 171, 
Buenos Aires. Meetings are held monthly. 

SociEDAD BoLiviana DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez. Casilla 1182, La Paz, 
Bolivia. Meets monthly. General assembly once every 
two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Cxa Postal : 532, 
Rio de Janeiro, Brazil. General Assembly meets every 
two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SociEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Concha, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SociEDAD Ecuaroriana DE RapioLocíA v FisiOTERAPÍA 
Secretary, Dr. Carlos Palau, Av. Bogotá 206, Guayaquil, 
Ecuador. 

SocIEDAD PARAGUAYA DE RapioLocíA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SociEDAD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladis Delpino, Instituto de 
Radiología “Cayetano Heredia" Hospital Arzobispo 
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Loayza, Lima, Perú. Meets monthly except during Janu- 
ary, February and March. 

SOCIEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia, Society meets monthly at the Instituto 
de Radiología. 

SoclEDAD DE RapioLocía, CaNcERoLoGíA v Ffsica 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. José Claussius, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE ROENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Modesto Rivero Gonzáles, Apar- 
tado No. 9362 Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CONTINENTAL EUROPE 


ÜSTERREICHISCHE RÖNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 

SociETE RovarE BELGE DE RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

Société EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 15e, France. 
General Secretary, Dr. H. Ludin, Department of Roent- 
genology, Basler Kinderspital, Basel, Switzerland. An- 
nual meeting: Warsaw, Poland, May 22-24, 1969. 
Secretary, Dr. Kasawery Rowinski, Zaklad Radiologii 
Pediatrycynej Akademii Medycznej, Marzalkowska 24, 
Warszawa, Poland. 

SociÉrÉ FRANCAISE D’ELECTRORADIOLOGIE MEDICALE, 
and its branches: SociÉrÉ Du Sup-OvEst, Du LITTORAL 
MEDITERRANEEN, DU CENTRE ET DU LYONNAIS, DU 
NORD, DE L'Ovzsr, DE L'Esr, ET D'ALGER ET D'AFRIQUE 
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pu Norp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine r2, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru Paris 8°, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST PRO ROENTGENOLOGII A 
RADIOLOGII 
Secretary, Dr. Robert Poch, Praha 12, Srobárova 50, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RÖNTGENGESELLSCHAFT 
President, Professor Dr. med. Hanno Poppe, Radio- 
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Lewin, WarproLE. (Cambridge, England.) 
Vascular lesions in head injuries. Brit. 7. 
Surg., May, 1968, 55, 321-331. 


The increased use of angiography in investigation 
of head injury has accentuated the importance of the 
role played by primary vascular injury in the post- 
traumatic clinical manifestations. Together with clin- 
ico-pathologic correlation this has contributed to the 
replacement of speculation with proof of their origin. 

Cerebral edema is felt to represent the repeating 
cycle of increase in the vascular bed leading to in- 
creased intracranial pressure, producing in turn a 
compensatory rise of blood pressure, due to a vaso- 
pressor response, with further ingress of fluid into the 
vascular bed. The effects of vasodilatation and vaso- 
paresis are aggravated by hypoxia and hypercapnea. 
It is therefore clear how tracheostomy and controlled 
respiration are of value and why only transitory ben- 
efit of hypertonic drugs is appreciated in this condi- 
tion compared with their effectiveness in cases of ede- 
ma alone. 

Cerebral contusion and laceration may be accom- 
panied by injury to cortical and subcortical vessels 
and may declare themselves in one of two ways. Lim- 
ited recovery may be followed by rapid deterioration 
after the first week as cerebral infarction with sur- 
rounding edema develops. Alternatively the patient 
may remain unconscious for weeks or months. Con- 
traction of the infarcted area is inferred by progres- 
sive asymmetric ventricular dilatation seen in air 
studies. 

Displacement of the brain through the tentorium 
may produce stretching and occlusion of the perfo- 
rating branches of the basilar artery with resultant 
hemorrhages in the brain stem. This effect appears to 
be more common in older patients. Displacement of 
the posterior cerebral artery through the tentorium 
may produce infarction in the occipital lobe. The an- 
terior cerebral arteries may, at times, be compressed 
beneath the free edge of the falx cerebri with resul- 
tant frontal lobe infarction. Similarly the temporal 
lobe may compress the origin of the middle cerebral 
artery or injure the fine branches supplying the basal 
ganglia. 

Patients with multiple injuries may aggravate 
existing cerebral symptoms by periods of hypo- 
tension with attendant hypoxia. This emphasizes the 
need to maintain blood pressure in early treatment. 
Also older patients are apparently more prone to 
vascular injury. Even after minor head trauma 
hemiplegias may develop, which are probably due to 
thrombosis or hemorrhage, demonstrating the pro- 
found effect of concussion on the senile brain. 

Injury may be sustained to individual major 
cerebral arterial branches such as thrombosis of the 
internal carotid artery in the neck following trauma. 
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Injury may not be direct but may result from hyper- 
extension of the neck with stretching of the artery. 
The clinical manifestations of this injury present 
usually within 48 hours and may be confused with 
cerebral compression. In cerebral compression, how- 
ever, the level of consciousness decreases before 
frank signs are evident while the reverse is true in 
carotid thrombosis. 

Carotid thrombosis may, at times, present a slower 
progressive development of signs or in some cases 
may present no symptoms at all when good collateral 
circulation is present. A similar clinical picture may 
be seen in injury to the intracranial portion of the 
carotid artery, usually in relation to fracture of the 
middle fossa. Traumatic aneurysm or carotico- 
cavernous fistulae may be late sequelae or a subdural 
hematoma may present acutelv. 

Anterior cerebral artery injury may accompany 
tear of the corpus callosum or injury against the falx 
cerebri. The middle cerebral artery mav be injured at 
its origin by recoil against the sphenoid bone or by 
compression by temporal lobe edema. 

Fractures of the base of the skull may affect the 
pituitary gland or hypothalamus by strain against 
the pituitary stalk or injury to the hypophysial por- 
tal system. 

Injury to the vertebral arteries may accompanv 
cervical spinal fracture and present with symptoms 
of cerebellar infarction. The basilar artery mav be 
injured by fractures of the clivus or base of the skull. 

Thrombosis of venous sinuses may be produced by 
overlying fracture or hematoma. The resulting 
symptoms depend on the area drained and on its 
extent. Tearing of veins may result in chronic sub- 
dural hematoma.—Major Edward Sacolaine, MC 


Tiri, KENNETH. Subdural haematoma and 
effusion in infancy. Brit. M. F., Aug. 17, 
1968, 2, 400-402. (Address: Neurological 
Surgeon, the Hospital for Sick Children, 
Great Ormond Street, London, W.C.1, and 
University College Hospital, London, W.C.1, 
England.) 


Analysis of 116 cases of subdural hematoma and 
effusion in infancy showed that in 40 per cent trauma 
was involved and in § per cent meningitis was the 
etiologic factor. [In the remainder there was no known 
antecedent disease. 

Vomiting was the most common symptom in the 
present series, occurring in 70 of the patients. 

The most frequently encountered abnormality on 
examination was a tense fontanel which occurred in 
73 infants. Retinal or subhyaloid hemorrhages oc- 
curred in 54 cases; these findings are considered to be 
pathognomonic of subdural hematoma in infancv. 
In only 15 of the patients was the fracture seen in the 
skull roentgenograms. In half of the patients plain 
skull roentgenograms suggested increased intra- 
cranial pressure as evidenced by separated sutures. 
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The diagnosis can be confirmed only when fluid is 
found between the dura and the arachnoid mater. 
This is determined by insertion of a short bevel 
needle through the anterior fontanel, a procedure 
attendant with some risk. It is essential at the first 
diagnostic aspiration to replace part of the removed 
fluid by air so that later roentgenograms will serve to 
differentiate between the occasional case of gross 
hydrocephalus with very thin cortex, the porence- 
phalic cyst lying near the anterior fontanel, and the 
true subdural effusion. Such roentgenograms are also 
of value in assessing the amount of the effusion and 
hence judging whether repeated aspiration is likely to 
succeed in effecting a cure. 

Cure of a condition by aspiration is uncommon and 
is particularly unlikely in those babies who have had 
the fluid for more than a few weeks, so that a well 
formed membrane is present. Sherwood (1930) intro- 
duced the idea of removing the subdural membrane 
by craniotomy— a technique which has been modi- 
fied in only minor respects since it was first practiced. 
'The procedure can be formidable and hazardous. In 
some patients where there has been a substantial in- 
crease in head size the brain is never able to expand 
sufficiently to fill the available space and the sub- 
dural collection of fluid inevitably remains. This led 
Ransohotff (1957) to perform a shunt operation in 
order to carry the fluid elsewhere over a long period 
of time during which the disproportion between the 
brain and skull could be corrected. In this procedure 
soft rubber catheters are inserted into the subdural 
space on either side and carried through a subfascial 
channel to the chest, where the lower ends of the 
tube are placed in the space between the parietal 
and viscera pleura. The subdural fluid is then de- 
livered slowly into the chest where it 1s absorbed. 

Follow-up studies of infants upon whom both 
methods of treatment have been performed indicate 
that treatment by craniotomy is in no way superior 
and it is concluded that this more elaborate proce- 
dure should be abandoned in favor of the simpler and 
less traumatic operation of subdural pleural shunt.— 


David Morse, M.D. 


PENNING, L., KerckHorrs, H. P. M., Ten 
NarpEL, K., and WorpniNc, M. G. Experi- 
mental investigation of shake emulsions of 
radiopaque oils in the cranial subarachnoid 
space. Radiol. clin. et biol., 1968, 37, 103-112. 
(From: Department of Radiology, Univer- 
sity Hospital, Groningen, The Netherlands.) 


In the past emulsified radiopaque oils have been 
considered for ventriculozraphy and myelography. 
Better tolerance is reported when low grade emul- 
sions using isotonic saline or cerebrospinal fluid are 
employed. 

In this article the authors: (1) compare the toxicity 
of shake emulsions (using isotonic saline) of iophen- 
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dylate (Pantopaque) and ethiodol (Tipiodal ultra 
fluids); (2) ascertain the efficacy. of stabilization of 
the emulsions by addition of an emulsifier (frac- 
tionated lecithin); (3) determine changes in particle 
size and pH induced by shaking the emulsions; and 
(4) determine what effect shake emulsification has 
on resorption from the peritoneal cavity and sub- 
arachnoid space in animals. 

The experimental set-up was similar to previous 
studies carried out by the authors. Multiple shake 
emulsifications of iophendvlate and ethiodol using 
isotonic saline, with and without phosphate butter, 
and with and without lecithin were made. These, as 
well as non- shake emulsifications of iophendylate and 
ethiodol were injected into the subarachnoid space in 
rabbits. Radioactive ethiodol and iophendylate 
emulsions containing about 10 uc of activity were in- 
jected intraperitoneally into 40 rats. One rabbit was 
injected in the subarachnoid space with radioactive 
emulsified ethiodol. 

'The results of the experiments showed more com- 
plications with shake emulsions of iophendylate 
(including convulsions and death) than with similar 
emulsions of ethiodol. No complications occurred 
with buffered ethiodol when lecithin was omitted. 
Aggregation of particles occurred in the emulsions 
when lecithin was not added, although particle size 
increased even with addition of lecithin. There was 
marked decrease in pH (from base value of 7.4) in the 
emulsions unless phosphate buffer was added. Ab- 
sorption studies after intraperitoneal injections and 
subarachnoid injection showed that emulsification 
enhanced resorption. 

The authors conclude that "shake emulsification” 
of iophendylate and ethiodol are toxic in the sub- 
arachnoid space in rabbits and that iophendylate 
emulsions are more toxic than ethiodol emulsions. 
Use of iophendylate in shake emulsions is not rec- 
ommended and, although a buffered shake emulsion 
of ethiodol (without lecithin added) appears to be 
safer in rabbits, its clinical use has not been con- 
sidered by the authors.— Robert Winter, M.D. 


PEETERS, F. L. M. Angiography of the verte- 
bral artery in the diagnosis of tumours of the 
pons cerebelli: a preliminary report. Radiol. 
clin. et biol., 1968, 37, 89-93. (Address: 
Afdeling voor Radiologie, St. Canisiuszieken- 
huis, St. Annastraat 239, Nijmegen, The 
Netherlands.) 


Two cases of pontine tumor are reported. Both 
showed posterior displacement of the vertical (or 
choroidal), segment of the posterior inferior cere- 
bellar artery. 

Reference is made to the midpoint of Twining's 
line as a landmark for the normal position of the 4th 
ventricle and hence of the part of the artery con- 
cerned. The author accepts I cm. posterior to Twin- 
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ing's line midpoint as the limit of normal. Both cases 
showed measurements bevond this, although one by 
only 0.7 cm. 

Vertebral angiography is suggested as a more 
acceptable procedure than pneumoencephalography 
in posterior fossa tumors and the author points out 
the advantage of knowing the position of the basilar 
artery. He admits that atherosclerotic patients may 
have variations of position which may invalidate his 
findings. 

This is a preliminary report and may be a useful 
sign. However, the variations of normal are con- 
siderable, and the posterior inferior cerebellar ar- 
teries may be low in position in which case there may 
be difficulty in using the measurement, but, absolute 
measurements are always useful, and we will await 
the publication of a larger series with interest.— 


Roger Pyle, M.D. 


VauGHAN, B. F. Radiological subtraction by 
colour addition. Australasian Radiol., May, 
1968, 72, 157-159. (From: The Department 
of Radiology, Royal Perth Hospital, Perth, 
W. Australia.) 


The author describes his experience with building 
and operating a "color addition” apparatus based on 
the design of Wise and Ganson published in Radiol- 
ogy in 1966. The apparatus as depicted in photo and 
line drawing is not so simple as to be constructed by 
anyone in their basement workshop and the author 
admits that the partial mirror was difficult to manu- 
facture. There is some doubt in his mind that it 
could be duplicated by appropriate tradesmen for 
$1,000.00. 

Color reproductions are published and are quite 
dramatic, substantiating the author's remarks 1e- 
garding the usefulness of the technique. In particu- 
lar, the aneurysms about the circle of Willis and the 
venous sinuses about the base of the skull are well 
depicted. It is the only satisfactory method of dis- 
playing arterial (red color) and venous (blue green 
color) phases simultaneously. 

Color slides may be made for lectures showing ar- 
terial and venous phases on the same slide. 

Theoretically, angiograms could be viewed as they 
leave the processor in this apparatus since no further 
processing is needed as in ordinary subtraction 
techniques. What might appear inadequate diag- 
nostically on standard viewing might prove adequate 
by color addition and obviate the need for 2nd and 
3rd injections, thus sparing the patient and angiog- 
rapher further time and effort. It follows then that 
this could be a work-saving device and justifiable on 
that basis alone.— Everett H. Johnston, M.D. 





NECK AND CHEST 


FREEMAN, Leonard M., ZELEFSKY, MELVIN 
N., Menc, CuiEeN-HsiNG, and Kapan, 
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NEvILLE. The relative merits of lung scan- 

ning and angiography in the diagnosis of 

pulmonary embolism. Bull. New York Acad. 

Med., Sept., 1968, 44, 1159-1182. (From: 

The Department of Radiology, Albert Ein- 

stein College of Medicine, The Hospital of the 

Albert Einstein College of Medicine, New 

York, N. Y.) 

Twenty-four patients clinically suspected of hav- 
ing pulmonary embolism were studied with both lung 
scanning and pulmonary angiography. The patients 
ranged in age from 23 to 81 years; the average age 
was 60 years. In almost all instances both procedures 
were performed within 2 to 3 hours of one another, 
although in several cases as much as 24 hours elapsed 
between the studies. Theisotopic study preceded the 
angiography in all instances. Anterior and posterior 
photoscanning and teledeltos dot scanning were per- 
formed utilizing a 3 by 2 inch Nal crystal and a 19 
hole focusing collimator. In a few patients, where 
limitations of time did not allow both views to be 
obtained, the posterior projection alone was used. 

Pulmonary angiography was performed by either 
the intravenous route, with a Robb-Steinberg needle 
placed in an antecubital vessel or via an intravenous 
catheter whose tip was positioned in the superior 
vena cava. An injection of 75 to go cc. of conray 400 
was made through a mechanical injector at a rate of 
25 cc. per second. Twenty serial stereoscopic films 
were exposed with the Schónander apparatus at one- 
half second intervals starting immediately after in- 
jection. 

The authors consider lung scanning and pulmo- 
nary angiography as complementary examinations 
rather than competitive. In cases in which a positive 
scan can be expected such as in pulmonary emphy- 
sema, bronchopneumonia and in the presence of car- 
diomegaly, a pulmonary angiogram is of value in es- 
tablishing the presence of an embolus. Lung scanning 
is then of value in following the resolution of the 
process. 

Lung scanning does play a role in the case exhib- 
iting an infiltrate on the chest roentgenogram as the 
size of a perfusion defect frequently can be con- 
siderably greater than the size of a visualized in- 
filtration. In the present study, 70 per cent of the 
positive scans showed more than one perfusion de- 
fect. The scanning is an ideal procedure for following 
the course of pulmonary emboli. It is of interest 
that peripheral emboli clear much more slowly than 
those in the central areas. These more peripheral 
emboli are more easily seen on lung scans than on 
pulmonary angiograms. The importance of correlat- 
ing the lung scan with a current chest roentzeno- 
gram is stressed. 

Pulmonary angiograms can be difficult to inter- 
pret. The only pathognomonic finding in embolic dis- 
ease Is the demonstration of a filling defect within 
the vessel with or without an abrupt cut-off of the af- 
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fected vessel. Superimposition of bronchi on the ves- 
sel can mimic this finding. Stereoscopic studies are 
therefore of value. Several indirect signs of pulmo- 
nary embolism may be present on the angiogram. 
These include: (1) segmental diminution in flow- 
attenuation and tortuosity of vessels; (2) poor capil- 
lary filling; (3) relative avascularity; and (4) di- 
minished or absent venous return. 

These findings are generally nonspecific and have 
been found in other cardiopulmonary diseases such 
as emphysema, pulmonary hypertension, pneumonia, 
and congestive heart failure.— David Morse, M.D. 


SASAHARA, ARTHUR A., BELKO, Jonn S., and 
Simpson, RoserT G. Multiple-view lung 
scanning. NV. M. F. Nuclear Med., May, 1968, 
9, 187—191. (From: Veterans Administration 
Hospital, West Roxbury, Mass., and Har- 
vard Medical School, Boston, Mass.) 


Lung scanning has become an important method 
for diagnostic and physiologic study of chest disor- 
ders. Its most valuable clinical application is in the 
diagnosis of pulmonary embolism. The importance of 
early diagnosis makes it necessary to scan the lung 
during the acute phase of pulmonary embolism when 
the patients are frequently seriously ill. A limiting 
factor is the long time necessary to perform the study 
by conventional methods. Conventional lung scan- 
ning also does not detect enough lung volume to serve 
as an accurate and consistent screening method for 
pulmonary embolism. 

The authors present multiple-view lung scanning 
to provide complete lung scans without unduly long 
and distressful procedures in very ill patients. This 
study, performed with a high-speed dual 5$ inch de- 
tector system, permits simultaneous anterior and 
posterior scanning as well as scanning in both lateral 
views. The total duration of the scanning in all 4 
views is frequently less than that required for 1 view 
by previous single detector systems. 

Perfusion deficits, localized anteriorly or posterior- 
ly, were occasionally undetected by the frontal or 
posterior scans but were well defined in the lateral 
views. Multiple views are therefore necessary in scan- 
ning for pulmonary embolism.—Sang Ho Han, M.D. 


QuiNLAN, M. F., and WaaGner, Henry N., Jn. 
Lung imaging with the pinhole Anger cam- 
era. N. M. J. Nuclear Med., Sept., 1968, 9, 
497—498. (From: The Johns Hopkins Medical 
Institutions, Baltimore, Md.) 


A pinhole collimator used with the Anger camera 
enables the camera to cover a larger field than would 
be possible without it. The field and 1mage sizes can 
be altered by varying the pinhole-crystal and pin- 
hole-subject distances. 

In or 'Tc??" ]|abeled particles have made it pos- 
sible to obtain satisfactory simultaneous imaging of 
the lungs in 2 to 3 minutes when doses of 2 to 3 mc 
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are used. The scintiphotos are comparable to the 
scans. 

The pinhole collimator gives a flexible field size, as 
compared with the multihole collimator which re- 
stricts the area of the field of view to that of the crvs- 
tal.— Charles W. Cooley, M.D. 


ABDOMEN 


IK RECKER, Brian E. Venous intravasation of 
the barium enema: report of a case. Aus- 
tralasian Radiol., May, 1968, 72, 129-132. 
(From: The Royal Prince Alfred Hospital, 
Sydney, Australia.) 

A fifth case of this rare phenomenon is hereby 
added to the world's literature. 

Rarer than intraperitoneal rupture of the colon or 
rectum during barium enema examination, it carries 
a higher mortality as 4 or § reported cases have died 
within minutes of clinically suspected cardiac catas- 
trophe (until the films were developed). Four of the 5 
patients were females over 7c years of age (all fatal), 
and I was a young woman with ulcerative colitis with 
limited intravasation (survived). All had a balloon 
catheter inserted for the procedure. 

The author's conclusion is noteworthy “It is sug- 
gested that the existence of this hazard should not 
prejudice the use of the balloon catheter where a di- 
agnostic advantage can be obtained but, as with 
many other remote risks, it is a very good reason for 
not applying this potentially dangerous device in a 
merely routine fashion." — Everett H. Tohnston, M.D. 


Morrison, Gary. Retroperitoneal fibrosis as- 
sociated with methvysergide therapy. 7. 
Canad. A. Radiologists, June, 1968, 79, 61-63. 
(From: The Royal Victoria Hospital, Mon- 
treal, Quebec, Canada.) 

This is a case report of a 47 year old married 
woman with a history of migraine headache treated 
with methysergide for 3 vears. 

Excretory urography because of right lower ab- 
dominal pain revealed mild hydronephrosis of the 
right kidney with medial deviation, tortuosity and 
dilatation of the lower segment of the right ureter. 

The medication was discontinued and the abdomi- 
nal pain decreased to an ache in 2 days. 

One month later a repeat excretory urogram 
showed no residual hydronephrosis and prompt 
drainage of the right kidney. 

The literature is briefly reviewed. 

It is recommended, in view of the reversal of the 
roentgenographic abnormalities, that conservative 
management rather than surgery be employed for 
those patients taking this drug.— Everett H. Johnston, 
M.D. 


ErLLiorTT, G; B. Kiran, M. R., and Errrorr, 


K. A. Pancreatic annulus: a sign or a cause of 
duodenal obstruction? Canad. F. Surg., July, 
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1968, 77, 357—364. (From: The Departments 
of Pathologv and Surgery, Vancouver Gen- 
eral Hospital and University of British 
Columbia, Vancouver, British Columbia, 


Canada.) 


It has been classically taught to the beginning 
medical student that annular pancreas is a lesion to 
be considered in the differential diagnosis of high in- 
testinal obstruction. The authors set about to dispute 
this and propose instead that annulus is the "physical 
sign of partial failure of growth in the duodenal seg- 
ment, and that annulus itself probably does not cause 
obstruction." 

Five cases are reported. These include: malrota- 
tion of the intestine with duodenal atresia; malrota- 
tion of the intestine with intrinsic duodenal dia- 
phragms and an intervening atretic segment; malro- 
tation of the midgut with obstruction by peritoneal 
bands; Down's syndrome with malrotation of the 
midgut and duodenal stenosis; and a child with a for- 
eign body (the exact cause of obstruction not being 
confirmed). Each of these cases also had annular pan- 
creas. 

The radiologic criteria of annular pancreas are in- 
distinguishable from those of duodenal atresia: (1) 
megabulbus or megaduodenum with smooth rounded 
inferior border; (2) simultaneous dilatation of the 
stomach; (3) extensive gastroduodenal ulceration; 
and (4) “writhing duodenum” at fluoroscopy. 

Following a review of the developmental anatomy 
of the pancreas and duodenum, the authors discuss 
the evidence upon which they base their thesis. This 
includes: (1) pancreatic heterotopias and accessories 
are characteristically nonobstructive and asymptom- 
atic; (2) there is normal intricate association of 
pancreatic tissue and the wall of the duodenum; (3) 
in a majority of patients simple annular pancreas is 
asymptomatic. When symptomatic, the zone of nar- 
rowing 1s described as smooth in outline, short and 
almost membranous; (4) correction by Ramstead's 
procedure commonly fails; (5) there is a high inci- 
dence of other associated anomalies. 

Annular pancreas, therefore, is only symptomatic 
when associated with other malformations of the gas- 
trointestinal tract and rarely, if ever, symptomatic 


when it exists as the sole anomaly.—era/d 
Maltzman, M.D. 


Eaton, S. Bovp, FLeIscHii, Dowarp J., Por- 
LARD, JAMES J., NEBESAR, ROBERT A., and 
Porsaip, Magic S. Comparison of current 
radiologic approaches to the diagnosis of 
pancreatic disease. New England J. Med., 
Aug. 22, 1968, 279, 389-396. (From: The 
Department of Radiology, Harvard Medical 
School, and the Department of Radiology, 


Massachusetts General Hospital, Boston, 
Mass.) 
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Comparative radiologic studies of 45 patients sus- 
pected clinically of having pancreatic disease were 
performed to assess their relative accuracy and to 
clarify the indications for their use. The radiologic 
procedures evaluated included conventional study of 
the duodenum with barium, hypotonic duodenogra- 
phy, selective angiography and selenomethionine iso- 
tope scanning of the pancreas. The studies were in- 
terpreted individually without knowledge of the re- 
sults of the other examinations, although the clinical 
information was available. The final diagnoses were 
made by surgery, postmortem examination or at least 
6 months of clinical observation. 

The conventional gastrointestinal examination 
with barium produced, over-all, 57 per cent correct 
diagnoses. This examination was found to be most 
versatile inasmuch as nonpancreatic disease such as 
peptic ulcer or gastric cancer may mimic pancreatic 
symptomatology. The most serious drawback is the 
lack of sensitivity, with 36 per cent false negative ex- 
aminations. 

Hypotonic duodenography produced 78 per cent 
correct diagnoses. The criteria for interpretation in- 
cluded spiculation, flattening of mucosal folds and 
nodular indentation much the same as in conven. 
tional study. This study proved the most accurate of 
the four evaluated and was more reliable in disease of 
the head of the pancreas due to the better mucosal 
delineation and greater pancreatico-duodenal inter- 
face It was of little value in disease of the body and 
tail of the pancreas and is of limited accuracy in dis- 
tinguishing carcinoma from pancreatitis 

Selective angiographic studies were performed ac- 
cording to the Seldinger technique. Vascular '"cut- 
fing," occlusion or displacement were the most reli- 
able signs. Selective hepatic and splenic artery stud- 
les were superior to simple celiac arteriographies; 
however, "superselective" studies of more specific 
branches did not appear to be of increased value. An- 
giography provided only 55 per cent correct diagnoses 
and produced the most false negative interpretations. 
It proved to be the most accurate of the four studies 
in diagnosis of carcinoma of the body and tail of the 
pancreas and also was most valuable in detecting 
pseudocysts. An added feature was that the liver 
could be evaluated in the same examination. 

Pancreatic scanning was found to be the most sen- 
sitive method for diagnosis of pancreatitis and was 
also valuable for lesions in any part of the pancreas. 
Subtraction studies were performed but superior 
counting statistics were obtained when subtraction 
could be avoided. The scanning produced 72 per cent 
correct diagnoses but also produced the greatest 
number of false positive results. 

This comparative study demonstrates that certain 
procedures are more appropriate for evaluation of 
specific suspected pathologic entities. For pancre- 
atico-duodenal carcinoma, hypotonic duodenographv 
and selective angiography are recommended and for 
tumor of the body or tail of the pancreas, selective 
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angiography and isotope scanning are advised. For 
pseudocyst of the pancreas, conventional barium 
study and selective angiography appear to be most 
valuable. Photoscanning and, to a lesser extent, hy- 
potonic duodenography are most appropriate for 
pancreatitis when diagnosis cannot be established by 
simpler clinical and laboratory means. In cases where 
pancreatitis cannot be distinguished from carcinoma 
and the scan is diffusely abnormal, angiography 
should be considered.—Major Edward Savolaine, 


MC 


KASTELEIN, A., and DE PLanaque, B. A. The 
side-effects of Bilivistan compared to those of 
Biligrafine forte. Radiol. clin. et biol., 1968, 
37, 113-118. (From: Ikazia Ziekenhuis, Rot- 
terdam-21, The Netherlands.) 


The authors compare the side effects of Bilivistan 
and Biligrafine forte. Bilivistan was used in intrave- 
nous cholangiography in 63 patients suspected of 
biliary disease. Kidney function was evaluated first 
by screening the serum creatinine; liver function it- 
self was also evaluated with the bromosulphalein test. 
Twenty milliliters of Bilivistan was injected over a 4 
minute period. Subsequently, side effects were re- 
corded, blood pressures were measured and the quali- 
ty of contrast in the biliary system was evaluated. 

Side etfects were observed in 44 per cent of the 
cases injected with Bilivistan. This compared to 35 
per cent with Biligrafine forte. The side effects with 
Biligrafine forte, however, appeared to be more se- 
vere and of a longer duration. The side effects re- 
corded with Bilivistan were nausea in 22 per cent, 
vomiting in 8 per cent, urticaria, sneezing, coughing 
and edema of the eyelids. [n no case was it necessary 
to administer redressive measures or to discontinue 
the examination. Because of inaccuracy in the sys- 
tem, only decreases in the blood pressure of 10 mm. 
Hg or more were recorded. In only 7 of the 63 cases 
did this occur. The maximum drop recorded was 25 
mm. Hg. In 57 of the 63 patients the contrast Bilivis- 
tan produced was evaluated as good. In the remain- 
der with fair and poor contrast the bromosulphalein 
retention was 13.7 to 36 per cent. 

The authors conclude that Bilivistan is an excellent 
medium to visualize the bile ducts if the bromosul- 
phalein retention is normal; 1f bromosulphalein reten- 
tion is increased, this contrast material will not be 
helpful. Excretion in the kidneys was not significant 
to obscure the biliary system. It was determined that 
optimum biliary visualization occurred at 60-90 min- 
utes. The incidence of side effects with Bilivistan is 
no greater and the effects themselves seem less vio- 
lent than with Biligrafine forte. The drop of blood 
pressure with Bilivistan occurring in 35 per cent had 
no clinical significance.— PA//?p Godsev, M.D. 


GENITOURINARY SYSTEM 


Besser, M. I. B., and Prav, A. Phaeochro- 
mocytoma of the urinary bladder. Brit. F. 
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Urol., Apr., 1968, 40, 245-247. (Address: 
Dr. M. I. B. Besser, The London Hospital 
Medical College, Turner Street, London, 


E.1., England.) 


The authors present the 26th recorded example of 
a pheochromocytoma of the urinary bladder. The 
patient was a Ig year old girl with a history of 
intermittent hematuria for 8 years. She complained 
of severe suprapubic pain and marked hematuria. 
For as long as the patient could remember micturi- 
tion had been unpleasant and had usually been 
accompanied by severe bilateral throbbing headache, 
difficulty in breathing, and facial pallor. The symp- 
toms disappeared within § to 10 minutes of micturi- 
tion. 

On examination, a mass was found in the bladder, 
about 2 cm. in diameter, arising. from the right 
posterior aspect of the bladder neck. From the 
summit of the mass there was severe arterial bleed- 
ing. Intravenous urography also demonstrated a 
mass present within the bladder; the urinary tract 
was otherwise normal. The patient was normoten- 
sive. Palpation of the bladder did not cause any 
change in the blood pressure or the appearance of 
subjective symptoms. A single determination of 
urinary catecholamines showed values within normal 
limits. A partial cystectomy was done and the tumor 
removed. The patient had an uneventful recovery 
and 1 year following surgery was seen to be in ex- 
cellent health. 

The resected specimen was, on examination, 
typical of a pheochromocytoma and the presence of 
noradrenaline within the tumor was demonstrated.— 


S. A. Kaufman, M.D. 


ScHIMKE, R. Neri, Hartmann, WiLLiAM H., 
Prout, THaADDEUus E., and Rimoin, Davip L. 
Syndrome of bilateral pheochromocytoma, 
medullary thyroid carcinoma and multiple 
neuromas: a possible regulatory defect in the 
differentiation of chromaffin tissue. New 
England J. Med., July 4, 1968. 279, 1-7. 
(From: Divisions of Medical Genetics and 
Endocrinology, Department of Medicine, 
and the Department of Pathology, Johns 
Hopkins University School of Medicine and 
Johns Hopkins Hospital, Baltimore, Md.) 


Three patients with manifestations of a syndrome 
of pheochromocytoma, medullary thyroid carcinoma, 
multiple neuromas and parathyroid adenomas are 
reported. The embryologic, pathophysiologic and 
therapeutic features are discussed. 

The authors feel that the syndrome may be 
familial and postulate that it may be on the basis of 
a heritable defect in a single cellular system.— 


Richard P. Taylor, M.D. 


REUTER, SrEwanT R. Demonstration of ad- 
renal metastases by adrenal venography. 
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New England J. Med., June 27, 1968, 278, 
1423-1425. (From: The Department of 
Radiology, Wayne County General Hospital, 
and the University of Michigan, Eloise, 


Mich.) 


Adrenal venography was performed in § patients 
with diffuse breast metastasis and in 1 patient with 
lung carcinoma. Adrenal metastases were found in 
5 of the 6 patients. 

The diagnosis of a space-occupying lesion. with 
displacement of the adrenal veins was made. 

Adrenal adenomas cannot be differentiated from 
metastatic lesions.—Richard P. Taylor, M.D. 


Wooprow, STEVEN I., MarsHALL, Victor F., 
and Evans, Jonn A. A newly assembled 
cystoscopic table with television-fluoroscopy 
and cine-Huoroscopy. F. Urol., June, 1968, 
99, 829-836. (From: The Department of 
Surgery, James Buchanan Brady Founda- 
tion, New York Hospital; the Department of 
Surgery, Cornell University Medical College 
and the Department of Radiology, The New 
York Hospital-Cornell University Medical 
Center, New York, N. Y.) 


The authors describe a specially equipped table 
for the use of urologists and particularly for the 
examination of children with urinary tract problems. 

The image amplifier, Vidicon tube and cine cam- 
era are mounted beneath the cystoscopic table op- 
posite the fixed roentgenographic tube. This allows 
for freedom to handle the patient during endoscopy. 
In addition, there is a motor driven table top and 
just beneath this a power driven, rapid roentgeno- 
graphic device consisting of a film cassette and a 
stationary grid which rapidly shifts into the roent- 
gen-ray field by remote control from the main con- 
sole. By this means, the television screen image may 
be promptly recorded on the film without any 
change in the patient’s position. After the film is 
exposed, the grid and cassette are automatically 
shifted out of the field. 

The authors have found that with this apparatus 
they are able to properly diagnose and evaluate 
most of the urologic problems in children by image 
amplified fluoroscopy and spot film roentgenog- 
raphy without the necessity of cine. In exceptional 
instances, where their usual routine has failed, cine 
has occasionally been of some value. In a total of 
&£1O studies cine cystography was done only 20 
times. In 371 cystograms with fluoroscopy and film 
studies, a proper evaluation could be made. 

Radiation exposures were carefully checked. 
During a 4 film roentgenographic exposure, the 
average maximum total skin dose is about 4,000 mr. 
The total ovarian dose to the patient is approxi- 
mately 1,280 mr. The testicular dose would be ap- 
proximately the same as the skin dose if the testicles 
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were in the field. If they were out of the field, they 
would receive less than 10 per cent of the infield dose. 
A typical fluoroscopic exposure was approximately 
60 seconds and constituted a maximum dose of 
800 mr. The examining physician remaining at the 
foot end of the table during the fluoroscopy and 
film exposure receives an average dose of 7 mr per 
examination. Other measurements at various loca- 
tions in the room were also made and found to be 
within the limits of safety. 

This particular unit has distinct advantages as an 
accessory to the regular urologic equipment. In 
this reviewer's opinion, the addition of a tape re- 
corder for the television image would enhance the 
value of the apparatus.—George W. Chamberlin, 


M.D. 


GENEREUX, GEORGE P. The collateral vein sign 
in renal neoplasia. F. Canad. A. Radtologisis, 
June, 1968, 79, 46-55. (From: University 
Hospital, Saskatoon, Saskatchewan, Can- 


ada.) 


Twenty-eight cases of renal carcinoma examined 
by drip infusion pyelography with nephrotomogra- 
phy showed, in 13 cases, a linear density adjacent to 
the diseased kidney which represented collateral 
veins. This view was supported by operative and 
pathologic specimens, showing enlarged veins corre- 
sponding to thedensities visualized on the tomograms. 
Associated blurring of the renal outline was seen in all 
cases and thought to be due to filling of the capsular 
veins. Four additional cases which did not show lin- 
ear densities also showed this blurring of the outline. 
The author feels that the appearances were charac- 
teristic enough to be diagnostic of renal tumor. 

Difficulties can be encountered on the left side 
where the normal splenic and gastric veins may imi- 
tate the appearance of collateral renal veins. Renal 
vein thrombosis may be expected to give a similar ap- 
pearance. One case of a benign vascular tumor also 
showed this sign.—Roger Pyle, M.D. 


Henpry, W. F., STRUTHERS, N. W., Ducvip, 
W. P., and Hopkinson, W. I. Observations 
on kidnevs stored by continuous hypothermic 
perfusion and hyperbaric oxygen. Brit. 7. 
Surg. June, 1968, 55, 431-436. (From: 
Vickers Research Establishment, Sunning- 
hill, Ascot, England.) 

Canine kidneys were preserved in a Vickers Hyper- 
baric Oxygen Perfusion Unit for 24 hours by hypo- 
thermia, hyperbaric oxygen and continuous low- 
pressure perfusion, with both sanguineous and non- 
sanguineous media 

After storage, circulation of blood through the kid- 
neys was restored for 1 hour, and then histologic and 
radiographic studies were made. The contralateral 
unstored kidneys were used as controls. 

The results suggest that continuous perfusion with 
bloodless media under such conditions may inflict 
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severe damage upon the endothelium of glomerular 


and cortical vessels, resulting in the formation of 
fibrin thrombi and failure of blood-flow.—4. 


Franklin Turner, M.D. 


ANDERSON, E. EVERETT, LEITNER, WILLIAM 
A., BovaAnskv, SAUL, SMALL, MicHarr P., 
and McCorrvM, Donatp E. Renal-cell car- 
cinoma metastatic to great toe. F. Bone & 
Joint Surg., July, 1968, 50/4, 997-998. (From: 
The Divisions of Urology and Orthopedics, 
Durham Veterans Administration Hospital, 
and Duke University Medical Center, Dur- 
ham, N. C.) 


A case report of metastatic renal cell carcinoma 1n- 
volving the great toe is presented. 

The patient was a 56 year old man whose only 
complaint was podalgia of the right great toe of 3 
months' duration. The physical findings were erythe- 
ma and edema of the toe. Laboratory studies were 
negative including blood urea nitrogen and urinaly- 
sis. 

Amputation of the toe was performed because of 
complete osseous destruction seen on roentgeno- 
grams. Histologic section demonstrated tissue typical 
of renal cell carcinoma. Further investigation with 
intravenous pyelography, retrograde pyelography 
and renal arteriography demonstrated a right lower 
pole renal tumor. 

A discussion of the metastatic characteristics 1s 
presented and it is noted that the incidence of bone 
metastasis is reported as 34 per cent in one series. 
'These metastases occur chiefly in the axial skeleton 
and in the proximal extremities but rarely beyond 
the elbows and knees.—Major Edward Savolaine, 


MC 


Woops, G. G. M. Unusual presentation of 
hypernephroma. Brit. M. F., April 13, 1968, 
2, 100. (From: Department of Diagnostic 
Radiology, the General Hospital, Birming- 
ham, England.) 


One case is reviewed in which a gallbladder was 
displaced to the left upper quadrant by a right-sided 
abdominal mass. A laparotomy revealed a right-sided 
hypernephroma clearly inoperable—Frank Kulbas- 


ki, M.D. 


NERVOUS SYSTEM 


YOSHIKAWA, SEIzo, SHIBA, MasaAKUNI, and 
SUZUKI, AKIRA. Spinal-cord compression in 
untreated adult cases of vitamin-D resistant 
rickets. Y. Bone S Joint Surg., June, 1968, 
504, 743-752. (From: The Department of 
Orthopaedic Surgery, Kudanzaka Hospital, 
Kudan, Chiyoda-ku, Tokyo, Japan.) 
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The authors have observed 17 children and 7 
adults with untreated vitamin D resistant rickets 
and present the case histories of 3 adult family 
members, with a specific complication of the adult 
untreated case which developed in 2 sisters—that of 
tetraplegia due to anterior spinal cord compression. 

Typically these short statured, bowlegged adults 
begin to develop disabling back and joint pain in the 
third and fourth decades. Laboratory examination 
reveals hypophosphatemia, normocalciuria or hypo- 
calcemia, elevated serum alkaline phosphatase and 
low tubular absorption of phosphorus. 

Roentgenograms demonstrate osteomalacia. 
Looser zones are sometimes seen. The tubular zones 
are short and the radius and femur bowed. Bony pro- 
liferation is marked at ligamentous and tendinous 
insertions throughout the body. Severe degeneration 
arthritis involves the joints. 

Two sisters, age 48 and 43 years, who had prior 
tibial osteotomies were again treated for disabling 
back and extremity pains. Treatment included bed 
rest, traction, arthrotomies, and 100,000-600,000 
units of vitamin D a day, but both developed pro- 
gressive neurologic signs and symptoms leading to 
tetraplegia. 

Roentgenograms of the spine revealed biconcave 
vertebral bodies, hypertrophic degenerative changes 
and ossification of the interspinous ligaments. 
Tomograms in the first sister showed a large bony 
spur, greatest at the C3 level, and not visible on the 
conventional roentgenograms. Myelography con- 
firmed a partial obstruction at C3. Decompression 
laminectomy led to marked improvement. 

An autopsy on the second sister, who died of other 
causes, confirmed that the mid cervical compression 
was due to posterior disk protrusion with elevation 
of the posterior longitudinal ligament; there was 
also evidence of secondary inflammation, abnormal 
ossification and anterior cord compression. 

In 2 previously reported cases of untreated adult 
rickets the cord compression was due to overgrowth 
of bone at the facets of T1 and T12 with posterior 
cord compression.—Yohn T. Underberg, M.D. 


Horr, Eanr P., Jr. The question of lumbar 
discography. 7. Bone & Joint Surg., June, 
1968, 504, 720—726. (From: The Department 
of Orthopaedic Surgery, Washington Uni- 
versity School of Medicine, 660 South Euclid 
Avenue, St. Louis, Mo.) 


In 1948 Carl Hirsch of Sweden noted that sym- 
toms of ruptured disk could be exacerbated by the 
injection. of normal saline into the affected disk. 
Kurt Lindblom then injected diodrast and reported 
the normal and ruptured disk appearance. A normal 
disk should retain the opaque medium 1n a central 
puddle, whether unilocular or layered. Irregularity of 
distribution or leakage is considered abnormal. 

Several extensive reports on diskography have 
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generally concluded that it is a useful adjunct to the 
diagnosis of ruptured disk. Subsequently, however, 
in a study of 148 injected "normal" cervical disks, 
leakage was shown in 93 per cent. 

The author chose 30 asymptomatic patients, age 
21 to 41 vears, from the Menard Penitentiary at 
Chester, Illinois, and performed 72 successful 
diskographies on them. One to two cubic centimeters 
of 50 per cent hypaque was injected into the central 
three-fifths of the disk. Biplane roentgenograms 
were promptly made. Physical re-examination 1 
vear later revealed no objective signs of residual from 
the procedure. 

Sixty-three per cent of the diskograms were of the 
normal pattern and little or no discomfort was 
experienced by the patient. In 15 per cent the 
opaque medium assumed an irregular pattern and 
extruded to the annulus and severe pain was re- 
ported. In 25 per cent, where the opaque material 
leaked out of the disk, back or leg aching occurred. 

The author demonstrated that contact of the 
opaque medium with innervated tissue caused the 
pain and that "normal" disks are not necessarily 
competent to retain injected fluid. 

He concluded that lumbar diskography might 
increase understanding of spine physiology, but it is 
unreliable as a diagnostic test.—‘fohn T. Underberg, 
M.D. 


Boyn, J.T., LaNGLANDS, A. O., and MacCase, 
J. J. Long-term hazards of thorotrast. Britz. 
M. J., June 1, 1968, 2, 517-521. (From: 
Statistical Research Unit, University College 
Hospital Medical School, London W.C.1, 
England.) 


The authors reviewed the histories of 168 pa- 
tients known to have received thorotrast either by 
intra-arterial or by direct injection into the cere- 
brospinal fluid. 

They briefly discuss the increased incidence of 
cancer in those patients receiving thorotrast intra 
arterially and the progressive cauda equina lesions 
in patients receiving thorotrast intrathecally.— 


Richard P. Taylor, M.D. 


SKELETAL SYSTEM 


ABRAHAMSON, Manrorbd N. Disseminated 
asymptomatic osteosclerosis with features 
resembling | melorheostosis, osteopoikilosis, 
and osteopathia striata: case report. 7. 
Bone & Joint Surg., July, 1968, 50.4, gg1— 

; 

996. (Address: 13001 Worthington Road, 

Philadelphia, Pa. 19116.) 

A case is reported of a 24 year old woman with bone 
changes resembling melorheostosis as well as osteo- 
poikilosis and osteopathia striata. There was shoulder 
and neck pain without limited motion. The patient 
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was short, 4 feet 8 inches, and examination was nega- 
tive except for the roentgenographic findings. 

A skeletal survey showed melorheostosis with ir- 
regular thickening of the cortices of the long bones of 
the extremities, and to a lesser extent of the meta- 
carpals and their phalanges. In addition, multiple 
smooth ovoid densities were found in many of the 
bones, particularly numerous in the femoral heads 
and adjacent pelvis. There were several minor bone 
striations in the right ilium. 

Biopsy of the tibial shaft showed normal bone. 
Blood analyses showed no outstanding abnormali- 
ties. The urine revealed abnormal amounts of some 
amino acids as has been noted in previous cases fo 
bone dystrophy.—Martha E. Mottram, M.D. 


McCormick, Jess, and Ripa, Louis W. Hypo- 
phosphatasia: review and report of case. 7. 
Am. Dent. A., Sept., 1968, 77, 618-625. 
(Address: Dr. J. McCormick, Department of 
Pedodontics, University of Alabama School 
of Dentistry, Birmingham, Ala.) 


Hypophosphatasia developing in childhood mav 
present with early loss of deciduous teeth which mav 
extrude with or without minor trauma. This may be 
the only clinical evidence of this genetically deter- 
mined metabolic disease. 

A case is reported of a 5 year old boy with prema- 
ture loss of 6 anterior deciduous teeth starting at 15 
months of age. He was short and the carpal bone age 
was only 2 years, 8 months, but the bone survey was 
otherwise normal. He had low serum alkaline phos- 
phatase activity and no alkaline phosphatase ac- 
tivity in the myeloid elements. There were high levels 
of ethanolamine and phosphoethanolamine in the 
urine. There were no signs of gingival inflammation. 

Roentgenograms showed abnormally large pulp 
chambers in the deciduous teeth and a reduction of 
supporting bone around the remaining anterior teeth. 
On examination the extruded teeth showed normal 
enamel crowns and there were one or more small 
"punched-out"' areas of local root resorption but no 
gross resorption. 

Microscopic examination revealed normal enamel 
and dentin although the latter was thin due to the 
large pulp canals. A cementum laver was not visi- 
ble.—Martha E. Mottram, M.D. 


FRoNIiNG, Epwanp C., and Fronman, Ban. 
BARA. Motion of the lumbosacral spine after 
laminectomy and spine fusion: correlation of 
motion with the result. Y. Bone & Joint Surg., 
July, 1968, 504, 897-918. (Address: Dr. 
Edward C. Froning, 215 North San Mateo 
Drive, San Mateo, Calif. 94401.) 


Lumbosacral bending studies were made on 400 
patients with low back pain and compared with those 
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obtained in 30 “normal” cases. These bending stud- 
ies, called dynamograms, were made in a manner to 
produce maximum motion. Certainly muscle spasm 
or splinting, or weight-bearing could vary the results. 

'The authors found that when motion was painful, 
greater motion was obtained with the patient flexed 
on his side than standing, but without pain greater 
motion was obtained in the standing position. The 
greatest extension was obtained with the patient up- 
right, kneeling on a chair. They took 3 roentgeno- 
grams routinely: one standing in neutral position; 
one standing with forward flexion, or if too painful 
the roentgenogram was taken with the patient on his 
side in maximum flexion; and one film with the pa- 
tient in extension kneeling on a chair. Muscle splint- 
ing and position during filming are more likely to af- 
fect motion at several levels, whereas intrinsic sta- 
bility or lack of such is likely to be manifested in one 
segment. Accuracy was tested on 30 patients with re- 
peat examinations as well as repeat measurements, 
and accuracy was within 2 degrees. Measurements 
were all made according to the method of Begg and 
l'alconer. 

[n the normal patients there was 9 degrees motion 
at Li, and 11, 13, 16, and 17 degrees at successive 
lower levels giving a total average lumbar motion of 
66 degrees. There was very little decrease in motion 
between the ages of 20 and 70 years. Any wide varia- 
tion in range of motion suggests pathologic change or 
malformation. Total excursion and lateral bending 1s 
nearly two-thirds that of combined flexion-extension. 
This relationship of flexion-extension to lateral bend- 
ing is maintained at all lumbar levels except the sth 
where lateral motion is limited. Axial rotation is an 
integral part of lateral bending. 

Forty patients who had satisfactory results after 
partial disk removal were studied. They were found 
to have less than half the average mobility at the in- 
volved level. When the 4th disk was involved there 
was equal restriction of motion at both the 4th and 
sth interspaces. After surgery, 9 of 18 patients with 
satisfactory results following partial disk removal 
showed little or no effect on interspace motion in the 
first year; in 9 others motion decreased during the 
first year and 3 of these g began to regain motion 1 
year or more after surgery. In the 9 patients with de- 
creased motion the adjacent level showed increased 
motion. 

In 17 patients who had both pre and postoperative 
dynamograms, 5 had less motion and 6 more motion 
pre than postoperatively and 6 had no change. In 11 
patients examined after partial 4th or sth disk re- 
moval with unsatisfactory results, the degree of mo- 
tion at the involved levels was essentially unchanged. 

After lumbar fusion 16 of 20 patients showed more 
than average motion at I or more of the other inter- 
vertebral disk spaces adjacent to the fusion. In most 
patients a year is required for the spine to obtain 
maximum motion adjacent to the site of fusion.— 
Martha E. Mottram, M.D. 
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Macnab, [an and Hasriscs, Davip. Rotator 
cuff tendinitis. Canad. M. A. J., July 20, 
1968, 99, 91-98. (Address: Dr. lan Macnab, 
1849 Yonge Street, Toronto, Ontario, Can- 
ada.) 


Of all the lesions responsible for pain in the shoul- 
der, the most common are cervical disk degeneration 
and rotator cuff tendinitis. With the latter, pain is 
caused by motion of the affected shoulder and the 
pain is located underneath the deltoid muscle. 

The authors point out that the tendons forming 
the rotator cuff have a very scanty blood supply and 
with increasing age, portions of the tendons will die. 
'Thus necrosis and degeneration of cells within the 
tendon is the basic lesion of rotator cuff tendinitis. 
The surfaces of the tendons become involved by an 
inflammatory foreign-body response, with occasional 
associated calcific deposits within the tendon. Minor 
trauma may lead to increased inflammation and 
eventual rupture destruction of the tendons. 

The symptom complexes which develop vary ac- 
cording to whether the lesion is local or diffuse. If the 
pathologic process is local, tendinitis, bursitis, calci- 
fication, small or large tear may occur. The latter are 
responsible for what the authors term painful arc syn- 
drome and pseudoparalysis. Local lesions may go on 
to become diffuse in nature being responsible then for 
biceps tendinitis and capsulitis, the latter giving rise 
"to the palms up" pain, frozen shoulder, acromio- 
clavicular strain and suprascapular nerve traction 
with gross wasting of the supraspinatus and infra- 
spinatus muscles. 

Another variant of the diffuse process is the shoul- 
der-hand syndrome. 

The basic treatment for these syndromes consists 
of injection of steroids into the subacromial bursa. In 
the authors’ experience, it was found that injections 
of 125 mg. of hydrocortisone produced the best effect 
and required fewer repeated injections. If the process 
is extremely diffuse, the use of oral prednisone is rec- 
ommended with the warning that the dangers of sys- 
temic steroids must not be overlooked. 

Surgical repair is often necessary, however difficult, 
because of the nature and state of the tissues in- 
volved. Sometimes a flat metal prosthesis is inserted 
into the space between the head of the humerus and 
the undersurface of the acromion. The latter will then 
act as a fulcrum and allows the deltoid to initiate ab- 
duction. 

[t is pointed out that people who developed the 
shoulder-hand syndrome in some ways resemble the 
patient who develops Sudeck's atrophy. A shoulder 
arthrogram is sometimes helpful in evaluation, espe- 
cially when capsular tears are suspected.—Frank M. 


Weinhold, M.D. 


BLOOD AND LYMPH SYSTEM 


Hacu, W., and GEBAvER, A. Das Subclavian- 
Steal-Syndrom. (The subclavian steal syn- 
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drome.) Fortschr. a. d. Geb. d. Róntgenstrahlen 
u. d. Nuklearmedizin, June, 1968, 703, 783- 
789. (From: Róntgenabteilung der Medizin- 
ischen Universitátskliniken, 6 Frankfurt 
Main, Ludwig-Rehn-Str. 14, Germany.) 


The subclavian steal syndrome results from the 
occlusion of the subclavian artery or the brachio- 
cephalic trunk proximal to that artery. 

Patients with this condition complain. of head- 
aches and dizziness due to basilar insufficiency, and a 
decrease in the blood flow to the ipsilateral arm is 
found on clinical examination. 

Collateral circulation is established in 66 per cent 
of the patients via the vertebro-vertebral system; in 
26 per cent, the internal carotid arteries supply 
blood to the basilar artery and then, in a retrograde 
direction, through the circle of Willis to the sub- 
clavian artery; in 6 per cent the external carotid 
arteries supply blood to the occipital artery and then 
to the vertebral artery before reaching the involved 
subclavian artery; in the remaining 2 per cent, the 
internal carotid arteries supply the basilar artery, 
which feeds blood in a retrograde fashion to the sub- 
clavian artery.— 7. Zausner, M.D. 


WANGENSTEEN, STEPHEN L., LupEwic, Ros- 
ERT M., and Eppy, Davip M. The effect of 
external counterpressure on the intact cir- 


culation. Surg., Gynec. © Obst., Aug., 1968, 
127, 253-258. (From: The Dios of 
Surgery, University of. Virginia. Hospitals, 


Charlottesville, Va.) 


The authors present data showing the effect of 
external counterpressure on the intact circulation 
and attempt to establish the base line whereupon 
this particular innovation might be used effectively 
in clinical situations in which hemorrhage and shock 
are to be treated in this manner. This study de- 
veloped as the result of recent experimental reports 
indicating that prolonged counterpressure of 33 to 
40 mm. of mercury may control intra-abdominal 
arterial hemorrhage by reducing the vascular trans- 
mural pressure. 

The study was undertaken using splenectomized 
mongrel dogs. The pressure was applied to the hind 
legs and abdomen of these dogs for approximately 
40 minutes. 

The external counterpressure resulted in signifi- 
cant increases in the arterial, venous and intra- 
peritoneal pressure. Arterial transmural pressure in 
this area was increased. Blood flows and vessel radii 
were decreased in the areas of pressure and increased 
in areas out of the pressure zone. Total peripheral 
resistance was increased and there was redistribution 
of the circulating blood volume as a result of the 
counterpressure. As would be expected the ab- 
dominal aortic diameter decreased only minimally, 
whereas the inferior vena cava diameter decreased 
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markedly and the pulmonary angiographic studies 
revealed that the pulmonary artery diameters in- 
creased moderately. It was also noted that all values 
returned to normal after the counterpressure had 
been withdrawn. The counterpressure slowed the 
heart rate, but increased the stroke volume, prob- 
ably secondary to the increased venous return. The 
combination resulted in no significant change in 
cardiac output. 

One interesting phenomenon is the fact that the 
blood flow in regions in which the arterial diameters 
were decreased did not decrease as much as one 
would expect, considering the fact that blood flow is 
a function of the fourth power of vessel radius. This 
discrepancy was explained by the increasing driving 
pressure which helped to maintain the flow. 

The external counterpressures as applied by the 
authors for periods up to 3 hours resulted in no 
deleterious effects.— 7. R. Stevenson, Maj. MC 


SIGEL, BERNARD, Poprkv, GEorGE L., WAGNER, 
Davip K., BoraNp, James P., Mapp, Es- 
MOND McD., and Feici, Potty. A Doppler 
ultrasound method for diagnosing lower ex- 
tremity venous disease. Surg., Gynec. © 
Obst., Aug., 1968, 727, 339-350. (From: The 
Departments of Surgery and Radiology, 
Women's Medical College of Pennsylvania 
and Veterans Administration Hospital, Phil- 
adelphia, and the Department of Public 
Health and Preventive Medicine, University 
of Pennsylvania School of Medicine, Phil- 
adelphia, Pa.) 


The clinical methods of diagnosing lower extrem- 
Ity venous disease rely upon indirect signs and may be 
difficult to interpret. Direct methods of diagnosing 
lower extremity venous disease have, heretofore, 
relied upon venography which is not suitable or 
practical as a screening procedure. 

The basis of the Doppler ultrasonic technique is 
the detection of the presence or absence of aug- 
mented flow signals in veins in response to compres- 
sion of the extremities. Venous flow can be briefly 
accelerated by compressing the extremity in a verv 
gentle manner. When occlusion of the veins has 
occurred, the augmentation of the flow signal mav 
either be dampened or undetectable To evaluate 
absent or incompetent venous valves, advantage is 
taken of the fact that augmented flow waves mav be 
generated in a direction away from the heart. Gen- 
erally three areas are examined: the common fe- 
moral vein, popliteal vein, and the posterior tibial 
vein. 

Two different sounds are identified. The first is a 
so-called S sound or spontaneous flow sound, which 
is cyclical and decreased in amplitude and pitch 
during 1 inspiration, and may completely disappear at 
the end of inspiration only to return in expiration. 
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The second sound is an A sound. This sound is a 
high pitched signal which actually represents the 
augmented flow sound. It is of brief duration and 
superimposed on the S sound. 

Factors such as congestive heart failure, shock 
and peripheral arterial disease have influence upon 
these sounds and should be noted and considered 
when interpreting this examination. 

Abnormalities of the various sounds are as follows: 

S sounds—the cvclic nature of the S sound may be 
absent and may be continuous. The S sound may 
be high pitched. When the S sound is both continuous 
and high pitched, definite abnormalities exist. The 
third abnormality is a decreased S sound and the 
fourth is an absent S sound. 

A sounds—these are primarily of two varieties 
called positive and negative. Prefixes proximal and 
distal are also placed before these descriptive terms 
to indicate where the transducer is placed in regards 
to the compression. If the transducer is placed distal 
to the compression, a positive A sound suggests a 
patent vessel, and a negative A sound over valve 
areas indicates that the valve is competent. If the 
transducer is placed proximal to the compression 
and no A sound is identified, this would indicate a 
patent vessel. If the transducer is placed proximal to 
a valve area and an A sound is identified, this would 
suggest a competent valve. All of these signs are, of 
course, the opposite when a vessel is occluded or the 
veins are incompetent. 

Recanalization of thrombosed vessels with the 
development of collateral channels also tends to 
influence the findings. The procedure is simple, and 
can be performed at the bedside repeatedly. The 
procedure is not time consuming. 

The result of the authors’ study in over 175 pa- 
tients has shown that this new method of diagnosis 
is highly accurate.— 7. R. Stevenson, Maj. MC 


NiELUBOWICZ, J., and Orszrewskr, W. Surgical 
lymphaticovenous shunts in patients with 
secondary lymphoedema. Brit. F. Surg., 
June, 1968, 55, 440-442. (From: Surgical 
Research Laboratory, Polish Academy of 
Sciences, Warsaw, Poland.) 


In a preliminary report 4 patients with lymphede- 
ma secondary to cancer were operated upon with 
anastomosis of the lymph nodes near the sapheno- 
femoral junction to the saphenous or femoral vein. 
The capsule of the lymph node was united to the wall 
of the incised vein so that the transected surface of 
the lymph node faced the lumen of the vein. 

Considerable improvement was noted in these pa- 
tients. It may be that for decompression of a long- 
lasting lymphedema not one but several lymph nodes 
have to be implanted into a vein or veins. 

The small number of patients and the short follow- 
up period does not make any accurate evaluation of 
this method possible.—.;4. Franklin Turner, M.D. 
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NIELUBOWICZ, J., and Orszrewski, W. Experi- 
mental lymphovenous anastomosis. Brit. F. 
Surg., June, 1968, 55, 449-451. (From: Sur- 
gical Research Laboratory, Polish Academy 
of Sciences, Warsaw, Poland.) 


Lymphaticovenous anastomosis was performed in 
co dogs. 

Anastomosis was made between the mesenteric or 
hepatic lymph nodes and the inferior vena cava by 
uniting the capsule of the lymph node to the wall of 
the incised vein so that the cut surface of the lymph 
node faced the lumen of the vein. 

Lymphographic cineradiographic and histologic 
examinations 1 vear after the operation demon- 
strated patency of the anastomosis.—/47. Franklin 
Turner, M.D. 


GENERAL 


McLErLANp, RosERnT, and Esrevez, Jose M. 
The Chediak-Higashi syndrome. 7. Canad. 
A. Radiologists, June, 1968, 79, 78-82. (From: 
Department of Radiology, The Memorial 
Hospital, Danville, Va., and Duke Univer- 
sity Medical Center, Durham, N. C.) 


The Chediak-Higashi syndrome is a rare, genetic, 
non-sex linked, intracellular disorder of infancy and 
childhood characterized by progressive leukopenia 
with large membrane bound lysosomal granules in 
the cytoplasm of granulocytes, histiocytes, and gran- 
ular cells of other systems. 

The clinical syndrome presents as partial albinism 
in small, fragile children who are predisposed to fatal 
infections. Death usually occurs early in life with the 
development of a lymphoma-like picture or a malig- 
nant lymphoma per se. 

The authors report a representative case and re- 
cord the roentgen manifestations to be related to the 
late lymphomatous infiltration of many tissues, par- 
ticularly the reticuloendothelial system. They dem- 
onstrate hilar and mediastinal lymphadenopathy and 
speculate that findings similar to those seen in wide- 
spread lymphoma could occur. 

The history of the syndrome is reviewed. The roles 
of the lysosomas are discussed briefly.—Dona/d 
Sugarman, M.D. 


Brown, R. E., MacEwan, D. W., and Saun- 
pers, M. G. Diagnostic ultrasound associated 
with Departments of Radiology. 7. Canad. 
A. Radiologists, June, 1968, 79, 83-89. (From: 
Department of Diagnostic Ultrasound, Win- 
nipeg General Hospital and Department of 
Radiology, University of Manitoba, Winni- 
peg, Manitoba, Canada.) 

The authors historically discuss the use of ultra- 


sound in medical diagnosis and then answer two spe- 
cific questions. First, who should be responsible for 
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performing ultrasound diagnostic procedures and sec- 
ond, where in the hospital should the service be lo- 
cated. 

Based on their experience the following conclusions 
are offered: 


1. Ultrasonic diagnosis should be centralized in a 
single department supervised by a full-time 
physician. A centralized facility can offer both 
optimum service and efficient utilization of 
equipment. 

. The centralized ultrasonic diagnostic service 
should be within or immediately adjacent to the 
Department of Radiology. Many ultrasonic 
procedures are closely allied with roentgeno- 
graphic studies. Similarity in patient flow pat- 
terns, for roentgenographic and ultrasonic ex- 
aminations, allows prompt and efficient patient 
care. 

Fight case histories are presented to show the com- 

plementary relationship between these two di- 
agnostic modalities.— Theodore Megremis, M.D. 


RADIATION THERAPY 


FLETCHER, GILBERT H. Results of radiotherapy 
of carcinoma of the uterine cervix. Proc. 
Roy. Soc. Med., Apr., 1968, 67, 391—394. 
(From: Department of Radiotherapy, Uni- 
versity of Texas, M. D. Anderson Hospital 
and ‘Tumor Institute, Houston, Texas.) 


m 


The author analyzed the records of 1,705 patients 
with squamous cell carcinoma of the intact uterine 
cervix treated with external radiation therapy, using 
the 22 mev. beam. 

The general policy of treatment is summarized as 
follows: whole pelvis irradiation is used extensively 
from Stage 118 on and also in Stage 1 and 114, when 
the vault is distorted because of age or bulkiness of 
the disease. The radium svstem is a modification of 
the Manchester system. 

Stage 1: 8,000 to 10,000 mg.-hr. in 2 to 4 insertions 
in 2 to 4 weeks; 3,000 to 4,000 rads to parametria and 
regional lymphatics. 

Stage 114: Same as for Stage r. 

Stage IIB: 4,000 rads to the whole pelvis in 4 weeks 
followed by 5,500 to 6,500 mg.-hr. in 2 insertions in 2 
weeks. 

Stage IIIA: §,000 rads to whole pelvis in 5 weeks 
followed by 4,000 to 5,000 mg.-hr. in t or 2 insertions. 

Stage 111B: 7,000 rads to whole pelvis in 7 weeks 
with the 22 mev. betatron, the last 2,000 rads being 
given through 12X12 cm. anteroposterior and pos- 
teroanterior portals. 

Stage 1v: Same as 11B if radical treatment is justi- 
fied. 

The 5-year survival rates are: 91.5, 83.5, 66.5, 
45.0, 36.0, and 14.0 per cent for Stage 1 through iv 
with substaging as above included. The 10-year per 
cent survival rates are: 90.0, 79.0, $7.0, 39.5, 30.0, 
and 14.0 per cent, respectivelv. 
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Survival rates for stump carcinoma are in the same 
range. The incidence of central failure to control dis- 
ease on the vault or the remaining uterus or immedi- 
ate parametria is low. 

Lymphadenectomy after radiation therapy did not 
essentially change the survival rates. 

Adenocarcinoma of the endocervix treated by a 
combination of radiation therapy and surgery did not 
reveal any superiority. 

Cervical cancer in pregnancy or in the postpartum 
period treated with megavoltage to 4,000 rads to the 
whole pelvis did not significantly change the over-all 
survival rates. 

It was felt by the author that intracavitary radium 
therapy is still the best form for localized cancer on 
and around the cervix. Megavoltage roentgen thera- 
py assumes an important role in advanced stages of 
the disease and in those with unfavorable anatomy 
for intracavitary radium therapy.—Frank Kulbaski, 


M.D. 


Errrs, HaRorp, and Warre, W. F. Malignant 
melanoma of the penis: endolymphatic 
therapy with "I lipiodol. Brit. JY. Surg., 
March, 1968, 55, 238-241. (From: Pro- 
fessorial Unit and Department of Radio- 
therapy, Westminster Hospital, London, 
England.) 


The literature on the rare occurrence of malignant 
melanoma of the penis is reviewed. The lesion most 
commonly begins in the glans with early lymphatic 
spread and blood stream dissemination. The progno- 
sis is extremely poor (survival 1-3 years) with ex- 
tremely few long term survivors after surgical ampu- 
tation and/or bilateral lymph node dissection of the 
groin. 

A case of a 44 year old patient is reported with a 
lesion on the glans but with no evidence of regional or 
distal metastasis. A partial amputation was done fol. 
lowed by endolymphatic injection of 29 mc of I?! in 
4 ml. lipiodol directly into a lymph vessel of the penis 
(filling the right) and later a pedal injection to fill the 
left. The possible advantages include treatment of 
the regional as well as the para-aortic lymph nodes 
(which might spare radical surgerv) and also visual- 
ization of the lymph vessels and lymph nodes treated. 
The patient is disease free after 21 months.—Richard 
T. Torpie, M.D. 


Lewis, M. G., and KinvaBwing, J. W. M. 
Differential diagnosis of malignant melanoma 
of feet in Uganda. Brit. T. Surg., March, 
1968, 55, 207-211. (From: Department of 
Pathology, Makerere Medical College, and 
Department of Surgery, Mulago Hospital, 
Uganda, South Africa.) 


The differential diagnosis of malignant melanoma 
of the lower extremity (and usually including the 
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groin) must be distinguished from other tumors that 
may appear grossly pigmented including Kaposi’s 
sarcoma, squamous cell carcinoma, and lymphoma. 

Further differential diagnosis in tropical nations 
must include granuloma pyogenicum and Tunga 
penetrans (jigger) infestation. 

Several case reports are presented in detail. 

Methods of smear preparation and short term tis- 
sue culture are described, supplementing biopsy in 
the differential tissue diagnosis. These are especially 
helpful in outlying areas in determining the need for 
wide excisional biopsy (desirable for melanomas, but 
which may be surgically excessive if the tissue is neg- 


ative).—Richard J. Torpie, M.D. 


RADIOISOTOPES 


BEIERWALTES, WiLLiAM H., Varma, Vijay M., 
CouNsELL, Raymonp E., and LIEBERMAN, 
LioxeL M. Scintillation scanning of malig- 
nant melanomas with radioiodinated quino- 
line derivatives. N. M. J. Nuclear Med., 
Sept., 1968, 9, 489-491. (From: The Uni- 
versity of Michigan, Ann Arbor, Mich.) 


Chloroquine has a marked affinity for melanin. 
Several radioiodinated analogs of chloroquine have 
been synthesized and “NM-113” 4-(3-dimeth ylamino- 
propylamino)-7-iodoquinoline-I7* has shown the 
most specific localization. 

A dose of 100 uc of the chloride salt of NM-113 was 
injected intraperitoneally into $5 Syrian. hamsters 
with melanomas (1 of which was a human amelanotic 
melanoma) and 3 normal hamsters. The melanomas 
were previously transplanted from the donor animal 
to the flank of the host animal. 

One hamster with and 3 without melanomas were 
given 100 uc of Nal and were studied as controls. 

Scanning was begun 3 days after the injection. 
Four to 7 days after the injection the animals were 
sacrificed and the tissues were studied. 

The malignant melanomas were well demonstrated 
in the scans. The amelanotic melanoma was not de- 
monstrable. 

The concentration of I5 in the eyes after NM-113 
was 3 to § times that in the melanomas, but the con- 
centration in the melanomas was 2 to 3 times that in 
the liver. There was no significant concentration of 
1! in the amelanotic melanoma. 

The deiodination of NM-113 was not great enough 
to prevent diagnostic scanning of the malignant mel- 
anomas. 

NM.-113 did concentrate in the malignant mela- 
nomas of Svrian hamsters, and the scintillation scans 
clearly demonstrated the location and extent of the 
melanomas.—CAarles W. Cooley, M.D. 


CHAMBERLAIN, M. J., FREMLIN, J. H., PETERS, 
D. K., and Puirip, Heren. Total body cal- 
cium by whole body neutron activation: new 
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technique for study of bone disease. Br/ 
M. F., June 8, 1968, 2, 581-583. (Address: 
M. J. Chamberlain, M.B., Lecturer in Ex- 
perimental Pathology, University of Birm- 
ingham, Birmingham, England.) 


Total body calcium measurements were carried out 
by neutron activation analysis on 3 cadavers and 3 
living subjects to explore the feasibility of this tech- 
nique. 

It has been shown that the method is safe and, pro- 
vided the condition of activation is standardized, the 
results in terms of Ca” are meaningful and reprodu- 
cible. 

This technique appears to be an important investi- 
vative procedure as well as a helpful method in the 
diagnosis and management of metabolic bone dis- 


ease.— Abbas M. Rejali, M.D. 


CHAMBERLAIN, M. J., Fremin, J. H., PETERS, 
D. K., and Puiripr, Heren. Total body sod- 
ium by whole body neutron activation in the 
living subject: further evidence for non-ex- 
changeable sodium pool. Brit. M. F., June 8, 
1968, 2, 583—585. (Address: M. J. Chamber- 
lain, M.B., Lecturer in Experimental Pa- 
thology, University of Birmingham, Birming- 
ham, England.) 


The authors have carried out whole body neutron 
activation in 3 normal males for the determination of 
activatable body sodium by production of Na?! from 
Na? by neutron capture. The results of the activa- 
table body sodium were compared with the results of 
the chemical analvsis of the adult cadavers, and it 
was found that the chemical method gives higher 
values than the neutron activation method. It was 
suggested that the chemical methods have overesti- 
mated body sodium. 

'There also was a difference of 17 per cent between 
activatable and exchangeable sodium and this sug- 
gests a nonchangeable sodium pool when total body 
sodium is measured by the isotope dilution tech- 


nique.—Abbas M. Rejali, M.D. 


CHankEs, N. David, and SOMBURANASIN, 
RocHa. Stereoscintiphotography. N. M. F. 
Nuclear Med., Sept., 1968, 9, 494-496. (From: 
Temple University School of Medicine, 
Philadelphia, Pa.) 


Stereo-paired scintiphotos were made using an un- 
modified scintiphoto camera with a standard collima- 
tor appropriate for the energy and the organ or area 
under study (4,000-hole non-focused low energy, 
1,000-hole non-focused medium energy, or pinhole 
collimator). 

A preliminary scout scintiphoto was made to de- 
termine the depth relationship between the lesion and 
the surrounding structures. Oblique projections were 
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superior, at times, to the frontal or sagittal projec- 
tions. A point source of 5 uc Co" was occasionally 
used as a reference marker. The optimal position of 
the camera was determined, and it was then tilted at 
an appropriate angle to each side of the plane, and 
high count scintiphotos were made. The paired scinti- 
photos were viewed in a Stanford type stereoscope, 
and a three-dimensional effect was obtained. 

Brain tumors, a cerebral infarct, pulmonary em- 
boli, hepatic metastases, lymph node metastases, and 
thyroid nodules were demonstrated. 

Stereoscintiphotographic angiography was done by 
slow intravenous infusion of the tracer. 

Stereoscintiphotography is superior to rectilinear 
stereo scanning in that it is faster, oblique projections 
can be used, and the resolution is better.—CAar/es W. 


Cooley, M.D. 


DoNarpsoNw, G. W- K., Jouwusow, P. Fa Tot- 
HILL, P., and RicHmMonp, J. Red cell survival 
time in man measured by ?*Cr and activation 
analysis. Brit. M. F., June 8, 1968, 2, 585- 
£87. (Address: G. W. K. Donaldson, M.B., 
Lecturer in Medicine, Royal Infirmary, 
Edinburgh, Scotland.) 


This method is based on standard Cr? tagged red 
cell survival technique except that nonradioactive 
sodium chromate enriched with Cr? is used. 

The red cells of the samples following freeze-drying 
were exposed in the reactor to thermal neutrons and 
the Cr? content of the samples was determined by 
pulse height analvsis. 

There was good agreement between the T 4 Cr? 
and T 3 Cr’! when measured simultaneously. 

This method permits simultaneous determination 
of survival times of 2 different populations of red 


cells —Abbas M. Rejali, M.D. 
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MISCELLANEOUS 


Marcove, RarpenH C., MILLER, THEODORE R., 
and Canan, WiLLiaMm C. The treatment of 
primary and metastatic bone tumors by 
repetitive freezing. Bull. New York Acad. 
Med., May, 1968, 44, 532-544. (From: 
Memorial Hospital for Cancer and Allied 
Diseases, New York, N. Y.) 


On February 10, 1964, the first bone freeze was per- 
formed on patients who had primary lung carcinoma 
and a metastasis to humerus which had not been re- 
lieved by 2 courses of roentgen therapy (2,000 rads 
each). The pain completely disappeared and there 
was no evidence of impending fracture 

The idea of producing vascular necrosis by freezing 
is applied by using a Union Carbide apparatus with 
double lumen probe and a stabilized temperature 
down to 180° C. or by pouring a hygroscopic sub- 
stance, if the cavity is large and irregular, such as 10 
20 per cent glycerine which removes intracellular 
water, then producing rapid freeze and thaw at least 
three times in order to cause necrosis. 

Patients with both metastatic and primary bone 
lesions were treated. All have had prompt relief of 
pain and interruption of the destructive progress of 
the lesions. 

The authors do not advise freezing at this time for 
fully malignant tumors, where treatment must be 
early and definitive to prevent pulmonary metasta- 
ses, because the extension of freezing is not far enough 
or dependable enough to warrant its use. They do 
recommend freezing when a locally destructive pro- 
cess does not metastasize. However, when local de- 
struction may require wide resection, ablative sur- 
gery or high dose roentgen therapy is indicated.— 
Sriprayoon Prasasvinichai, M.D. 


SUBJECT INDEX 


(ab) — abstract 


ABDOMINAL masses simulating metastatic disease: 
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KIDNEY, angiomyolipoma of; diagnostic roentgeno- 
graphic findings, 332 
baboon, radioisotope and renal functional char- 
acterization of, during normothermic, 
bloodless, isolated perfusion, 259 
carcinoma of, resectability of; analysis of 
roentgen signs in 63 histologically verified 
cases, 343 
excluded, potentiated urography in (ab), 718 
medullary sponge: clinical appraisal and report 
of twelve cases (ab), 494 
physical rays and (E), 477 
KIDNEYS, angiolipomas or hamartomas of. I. Renal 
lesions of tuberous sclerosis of Bournville: 
angiographic study (ab), 720 
IT. Isolated angiolipomas of kidney: report of 
2 cases (ab), 721 
stored by continuous hypothermic perfusion 
and hyperbaric oxygen, observations on 
(ab), 955 
KNEE Joints, neuropathic, angiographic and lym- 
phographic examination of (ab), 257 


LAMINECTOMY and spine fusion, motion of lumbo- 
sacral spine after, correlation of motion 
with result (ab), 957 
Lesions vascular, in head injuries (ab), 949 
LEUKEMIA, acute: current therapeutic position (ab), 
725 
in patients with cancer of cervix uteri treated 
with radiation: report covering first five 
years of international study (ab), 726 
Liver and lung scanning compounds, indium labeled, 
improved procedure for preparation of, 762 
hemangioma, angiography in, 874 
phantom, "breathing," practical inferences from 
studies with, 686 
scans in children: abdominal masses simulating 
metastatic disease, 678 
Lower extremity venous disease, Doppler ultra- 
sound method for diagnosing (ab), 959 
Lumbar discography, question of (ab), 956 
LUMBOSACRAL spine, motion of, after laminectomy 
and spine fusion: correlation of motion 
with result (ab), 957 
LunG and liver scanning compounds, indium labeled. 
improved procedure for preparation of, 762 
cavitation of missile tracks in (ab), 250 
disease, chronic obstructive, site and nature of 
airway obstruction in (ab), 716 
disease, honeycomb, and radiology, 810 
imaging with pinhole Anger camera (ab), 9¢2 
perfusion and inhalation scanning in pulmonary 
emphysema, 770 
of bronchopulmonary anastomoses in 
chronic inflammatory processes of; selective 
arteriographic investigation, 829 
scanning and angiography, relative merits of, in 
diagnosis of pulmonary embolism (ab), 951 
scanning, multiple-view (ab), 952 
scanning with Sr5?" in metastatic osteosarcoma, 
766 
LuNGs, scintigraphy of, in severe pulmonary silicosis 


(ab), 717 


role 


9/9 


scintillation scanning of, in diagnosis of pul- 
monary embolism (ab), 251 
LvMPHANGIOGRAPHY, hepatic oil embolization fol- 
lowing, in child with neuroblastoma, 860 
Lympuatic cyst of mesentery, angiographic demon- 
stration of; case report, 870 
LyYMPHATICOVENOUS shunts, surgical, in patients 
with secondary lymphoedema (ab), 960 
LvMPHOEDEMA, secondary, surgical lymphaticove- 
nous shunts in patients with (ab), 960 
LvMPHOGRAPHIC and angiographic examination of 
neuropathic knee joints (ab), 257 
LyMPHOGRAPHY, peritoneal extravasation of oily 
contrast medium following, 652 
variable fate of oily contrast media after, com- 
pared with residues in other sites, 851 
LvMPHOVENOUS anastomosis, experimental (ab) 960 


MAAVJT!!, use of, in cerebral arteriovenous fistulas, 18 
MAGOvERN valve prosthesis, aortic regurgitation 
following trauma in patient with, 420 
Marum biparietale: autoresorption in symmetric 
band of parietal diploe (ab), 715 
MANNITOL, hypertonic, as treatment for complica- 
tions of cerebral arteriography, 119 
Mass lesions, intracranial, acute and subacute, kink- 
ing of supraclinoid segment of internal ca- 
rotid artery over neighboring anatomic 
structures In, 7 
Masses, paravertebral intrathoracic, dilated azygos 
hemiazygos veins presenting as (ab), 250 
MELANOMA, MALIGNANT, of feet in Uganda, differ- 
ential diagnosis of (ab), 961 
of penis: endolymphatic therapy with "I 
lipiodol (ab), 961 
MELANOMAS, malignant, scintillation scanning of, 
with radioiodinated quinoline derivatives 
(ab), 962 
MELOoRHEOSTOSIS, osteopoikilosis, and osteopathia 
striata, disseminated asymptomatic osteo- 
sclerosis with features resembling: case 
report (ab), 957 
MENINGIOMA, choroid plexus, of lateral ventricle: 
two cases demonstrated by brain scanning 
(ab), 257 
MENINGIOMAS, tentorial, 123 
MENINGOCELE, sacral, anterior (ab), 496 
MENSURATION, anatomic, precision of, from roent- 
genograms: cystourethrographic study, 372 
Mercury 203 and technetium ggm, comparison 
brain scanning with (ab), 246 
vaporization from radioactive chlormerodrin 
solutions (ab), 257 
MEsENCHYMOMA, malignant, of retroperitoneum, 389 
MESENTERY, angiographic demonstration of lym- 
phatic cyst of; case report, 870 
METHYSERGIDE, retroperitoneal fibrosis and recto- 
sigmoid stricture, 566 
therapy, retroperitoneal fibrosis associated with 
(ab), 952 
Mipcut malrotation, presentation of, in adults (ab), 
253 
MowiLIAL infection, cobblestone esophagus due to, 
608 
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MoniLiasis, intramural esophageal diverticulosis 
and; possible association, 613 

Mount for 70 mm. film, 911 

MvELOGRAPHY and cisternography, positive con- 
trast ventriculography, 132 

water-soluble contrast, using meglumine iothal- 

amate (conray) with methylprednisolone 
acetate (depo-medrol) (ab), 722 

MvocaRDiAL infarction, surgical treatment of papil- 
lary-muscle rupture complicating (ab), 251 


Nasa catheter, rupture of stomach, following oxy- 
gen therapy by: report of case and review 
of literature (ab), 252 

NEEDLE biopsy, percutaneous pulmonary; improved 
needle for simple direct method of diagno- 
sis, 846 

Neop.asiA, renal, collateral vein sign in (ab), 955 

NEPHROTOMOGRAPHY, intravenous drip, as adjunct 
in evaluation of renal injury (ab), 718 

NEUROBLASTOMA, hepatic oil embolization following 
lymphangiography in child with, 860 

Neuromas, multiple, syndrome of bilateral pheo- 
chromocytoma, medullary thyroid carci- 
noma and: possible regulatory defect in 
differentiation of chromaffin tissue (ab), 954 

NEURORADIOLOGY, availability of (E), 231 

NEUTRON ACTIVATION, whole body, total body cal- 
cium by: new technique for study of bone 
disease (ab), 962 

whole body, total body sodium by, in living sub- 

ject: further evidence for non-exchangeable 
sodium pool (ab), 962 

New Horizons for RaApiorLocisrs LEcrunRE. Physico- 
mathematical era of radiology—impact of 
modern technology on radiology— big ma- 
chines (ab), 72; 

NITROFURANTOIN, acute pulmonary sensitivity to, 
734 


OLEOPERITONEOGRAFIA (ab), 493 

ORBITAL venography, 29 

OSTEODYSTROPHY, renal, 354 

OsTEO-ONYCHODYSPLASIA, hereditary: report of fam- 
ily (ab), 495 

OsTEOPATHIA STRIATA, disseminated asymptomatic 
osteosclerosis with features resembling 
melorheostosis, osteopoikilosis, and: case 
report (ab), 957 

OsTEOSARCOMA, metastatic, lung scanning with Sr?" 
in, 766 

OsTEOSCLEROSIS, disseminated asymptomatic, with 
features resembling melorheostosis, osteo- 
poikilosis, and osteopathia striata: case re- 
port (ab), 957 

OxvGEN therapy by nasal catheter, rupture of stom- 
ach following: report of case and review 
of literature (ab), 252 


PANCREAS, evaluation of contrast agents for study- 
ing; reflux pancreatography, 632 
pharmacologic stimulation of exocrine function 
in contrastography of (ab), 717 
Pancreatic abscesses and lesser omental sac collec- 
tions (ab), 493 
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annulus: sign or cause of duodenal obstruction? 
(ab), 952 
disease, comparison of current radiologic ap- 
proaches to diagnosis of (ab), 953 
scanning, demonstration of insulin and gastrin 
producing pancreatic tumor by angiog- 
raphy and, 646 
tumor, demonstration of insulin and gastrin 
producing, by angiography and pancreatic 
scanning, 646 
PANCREATITIS, chronic, "tumor encasement” of 
celiac axis due to, 641 
PANCREATOGRAPHY, reflux; evaluation of 
agents for studying pancreas, 632 
ParrLLARv-muscle rupture, surgical treatment of, 
complicating'myocardial infarction (ab), 251 
PanRALvsis, idiopathic diaphragmatic, 590 
Peprarric cerebral angiography, catheter techniques 
in 63 
Penis, malignant melanoma of: endolymphatic 
therapy with ™!I lipiodol (ab), 961 
PERICALLOSAL arteries, roentgenographic anatomy 
of, 109 
PERTECHNETATE, tissue and tumor concentration of 
technetium ggm as, 145 
PrETROUS pyramid, lateral projection in tomography 
of, 194 
PHawNTOM, “breathing” liver, practical inferences 
from studies with, 686 
PHEOCHROMOCYTOMA, bilateral, medullary thyroid 
carcinoma and multiple neuromas: possible 
regulatory defect in differentiation of 
chromaffin tissue (ab), 954 
of urinary bladder (ab), 954 
PHospHATE intake, high, studies in hvpophos- 
phatasia and response to (ab), 256 
PuvsicAL rays and kidney (E), 477 
PrrurrARY adenoma, large, angiographic demonstra- 
tion and surgical implications of imbedding 
of carotid syphons by, 162 
PLACENTOGRAPHY, arterial, by simplified technique; 
use of teflon needle catheter, 403 
PNEUMORADIOGRAPHY and tomography, submaxil- 
lary sialography in combination with, 692 
PoisoxiNG, alkaline corrosive, unusual complication 
of: pyloric stenosis, $94 
POLYURETHANE catheters, adjunct to use of; teflon- 
coated safety guides, 22: 
PONS CEREBELLI, angiography of vertebral artery in 
diagnosis of tumors of; preliminary report 
(ab), 950 
Posrerior cerebral artery aneurysm, ruptured, 
total visualization of intracranial arterial 
circulation following unilateral carotid 
angiography in patient with; case report, 83 
clinoid processes and dorsum sellae, postnatal 
development of sphenoidal sinus and its 
spread into, 177 
fossa-anterior or petrosal draining group, veins 
of, 36 
PREGNANCY, radionuclide imaging of uterus with 
special reference to (ab), 723 
PRESIDENT’s address; Forward, 729 
PsEUDOANEURYSM, traumatic, of left ventricle, 413 


contrast 
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PULMONARY carcinoma, diagnostic signs and ac- 
curacy in; bronchography, 802 
embolism, new approach to (ab), 250 
embolism, relative merits of lung scanning and 
angiography in diagnosis of pulmonary em- 
bolism (ab), 951 
embolism, scintillation scanning of lungs in 
diagnosis of (ab), 251 
emphysema, lung perfusion and 
scanning in, 770 
needle biopsy, percutaneous; improved needle 
for simple direct method of diagnosis, 846 
sensitivity, acute, to nitrofurantoin, 784 
sequestration communicating with gastroin- 
testinal tract; congenital bronchopulmo- 
nary-foregut malformation (ab), 716 
silicosis, severe, scintigraphy of lungs in (ab), 
247 
PYELONEPHRITIS, xanthogranulomatous (ab), 493 
PvrLoRic stenosis: unusual complication of alkaline 
corrosive poisoning, 594 


inhalation 


QUINOLINE derivatives, radioiodinated, scintillation 
scanning of malignant melanomas with 
(ab), 962 


RADIAL arteriovenous fistula, surgically created, 
brachial arteriography of, in patients un- 
dergoing chronic intermittent hemodialysis 
by venipuncture technique, 394 

RaApiATION, leukemia in patients with cancer of cer- 
vix uteri treated with: report covering first 
five years of international study (ab), 726 

Units and Measurements International Com- 
mission on (ICRU), 481 

RaproacrivEÉ chlormerodrin solutions, mercury va- 
porization from (ab), 257 

RADIOINDIUM, brainscanning with (ab), 258 

RADIOIODINATED quinoline derivatives, scintillation 
scanning of malignant melanomas with 
(ab), 962 

serum albumine (SARI"!), cerebral-gamma- 
planigraphy with (ab), 715 

RapiorsoropeE and renal functional characterization 
of baboon kidney during normothermic, 
bloodless, isolated perfusion, 259 

renogram, effects of patient position on, 350 

RADIOLOGIC, comparison of current approaches, to 
diagnosis of pancreatic disease (ab), 953 

RADIOLOGICAL complications, national survey of: 
interim report (ab), 257 

subtraction by color addition (ab), 951 

RADIOLOGIST, problems in education of, 497 

Raprorocisr's responsibility: detection of Zollinger- 
Ellison syndrome, 529 

RaproLocGv and honeycomb lung disease, 810 

Departments of, diagnostic ultrasound asso- 
ciated with (ab), 960 

physico-mathematical era of,—impact of mod- 
ern technology on radiology— big machines. 
New Horizons for Radiologists Lecture 
(ab), 724 

RADIONUCLIDE imaging of uterus with special refer- 
ence to pregnancy (ab), 723 

RaproPAQUE oils, experimental investigation of 


shake emulsions of, in cranial subarachnoid 
space (ab), 950 
RADIOTHERAPY of carcinoma of 
results of (ab), 961 
Ravs, physical, and kidney (E), 477 
REcrAL valves of Houston in normal and in ulcera- 
tive colitis, roentgenographic evaluation of, 
580 
ReEcrosIGMOID stricture, methysergide, retroperi- 
toneal fibrosis and, 566 
Recrum barium-filled, routine lateral view of: is 1t 
worthwhile? Review of 2,500 consecutive 
examinations, 571 
RED CELL survival time in man measured by *°Cr 
and activation analysis (ab), 963 
REGURGITATION, aortic, following trauma in patient 
with Magovern valve prosthesis, 420 
RENAL and radioisotope functional characterization 
of baboon kidney during normothermic, 
bloodless, isolated perfusion, 259 
arteries, fibromuscular dysplasia of; arterio- 
graphic features, classification, and obser- 
vations on natural history of disease, 271 
arteries, location. of; angiographic and post- 
mortem study, 283 
arteriography, effects of intra-arterial acetyl- 
choline on, in normal humans, 312 
arteriography in assessment of renal infarction 
(ab), 719 
arteriovenous aneurysm causing hydronephrosis 
and renal atrophy, 306 
artery, acute occlusion of, demonstrated by 
angiography (ab), 719 
artery aneurysm: cause of segmental alteration 
in renal blood flow and hypertension, 302 
artery aneurysms (ab), 495 


uterine cervix, 


artery stenosis, transient: disappearance of 


arteriographic and renal venous renin 
abnormalities (ab), 493 
atrophy and hydronephrosis, renal arteriove- 
nous aneurysm causing, 306 
blood flow and hypertension, cause of segmental 
alteration in: renal artery aneurysm, 302 
cell carcinoma metastatic to great toe (ab), 956 
collateral arterial supply, early demonstra- 
tion of, 296 
cystic disease, roentgenographic classification 
of, 319 
function, effects of hypotension on (ab), 494 
injury, intravenous drip nephrotomography as 
adjunct in evaluation of (ab), 718 
neoplasia, collateral vein sign in (ab), 955 
osteodystrophy, 354 
tumors, small, detection of, 335 
venous renin and arteriographic abnormalities, 
disappearance of: transient renal-artery 
stenosis (ab), 493 
RENOGRAM, radioisotope, effects of patient position 
on, 350 
RENoGRAPHY, improved method of, using split 
crystal scintillation camera (ab), 719 
RESPIRATORY artifact, reduction of, in scintillation 
scanning, 682 
infection, upper, due to Entomophthora coro- 
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nata: rhino-entomophthoromycosis (ab), 
248 
RETINOBLASTOMA, superior intelligence of children 
blinded from (ab), 725 
RETROPERITONEAL FIBROSIS associated with methy- 
sergide therapy (ab), 952 
symptomatology and diagnosis of: review and 
presentation of case reports (ab), 721 
RETROPERITONEUM, malignant mesenchymoma of, 
389 
RHINO-ENTOMOPHTHOROMYCOSIS: upper respiratory 
infection due to Entomophthora coronata 
(ab), 248 
Rickets, vitamin-D resistant, spinal-cord compres- 
sion in untreated adult cases of (ab), 956 
Wilson’s disease present with (ab), 496 
RoENTGEN chest findings in childhood sickle cell 
anemia; new vertebral body finding, 838 
findings, chest, of subdiaphragmatic abscess 
with antibiotic therapy, 584 
manifestations of giardiasis, $57 
RoENTGENOGRAM, plain chest, review of 59 patients 
with emphasis on: cardiomyopathy, 433 
RoENTGENOGRAMS, precision of anatomic mensura- 
tion from: cystourethrographic study, 372 
RoENTGENOGRAPHIC abnormalities in phenotypic 
females with gonadal dysgenesis; compari- 
son of chromatin positive patients and 
chromatin negative patients, 399 
anatomy of pericallosal arteries, 109 
appearance, its: fundoplication repair of sliding 
esophageal hiatus hernia, 625 
classification of renal cystic disease, 319 
diagnosis, plain abdominal film, of ulcerative 
diseases of colon, 544 
evaluation of rectal valves of Houston in normal 
and in ulcerative colitis, 580 
findings, diagnostic; angiomyolipoma of kidney, 
332 
findings in extracardiac injury secondary to 
blunt chest automobile trauma, 424 
views, apical, of chest, 822 
RoENTGENOLOGIC and gastrocamera examinations in 
differential diagnosis of gastric ulcer, 598 
findings and approach to persistent truncus 
arteriosus in infancy, 440 
RoraroR cuff tendinitis (ab), 958 
RUPTURE, acute traumatic, of thoracic aorta, 405 


Sr, external counting of, in vertebral fractures 
(ab), 258 
Sa57". lung scanning with, in metastatic osteo- 
sarcoma, 766 
SACRAL meningocele, anterior, 496 
Scaws, liver, in children: abdominal masses simu- 
lating metastatic disease, 678 
ScANNING, brain, comparison, with mercury 203 
and technetium ggm (ab), 246 
brain, new radiopharmaceutical for: in- 
dium 113m diethyltriaminopentacetic acid 
(DTPA), 139 
brain, two cases demonstrated by: 
plexus meningioma of lateral ventricle 
(ab), 257 


choroid 
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compounds, indium labeled lung and liver, 
improved procedure for preparation of, 762 
inhalation, and lung perfusion in pulmonary 
emphysema, 770 
lung, and angiography, relative merits of, in 
diagnosis of pulmonary embolism (ab), 951 
lung, multiple-view (ab), 952 
lung, with Sr5" in metastatic osteosarcoma, 766 
pancreatic, demonstration of insulin and gastrin 
producing pancreatic tumor by angiog- 
raphy and, 646 
scintillation, of lungs in diagnosis of pulmonary 
embolism (ab), 251 
scintillation, of malignant melanomas with 
radioiodinated quinoline derivatives (ab), 
962 
scintillation, reduction of respiratory artifact in, 
682 
spleen, with indium 113m labeled colloid, 674 
SCIENTIFIC exhibits, 920 
SCINTIGRAPHY of lungs in severe pulmonary silicosis 
(ab), 717 
SCINTILLATION camera, split crystal, improved 
method of renography using (ab), 719 
scanning of lungs in diagnosis of pulmonary 
embolism (ab), 251 
scanning of malignant melanomas with radio- 
iodinated quinoline derivatives (ab), 962 
scanning, reduction of respiratory artifact in, 
682 
SCLEROSIS, tuberous: neuroroentgenologic observa- 
tions, 171 
SCOLIOSIS, congenital: study of 234 patients treated 
and untreated (ab), 254 
SEALS, antisyphoning, for angiographic fittings, 219 
SELLA TURCICA, "empty:" manifestation of intra- 
sellar subarachnoid space (ab), 245 
SEMINAL vesicles, bilharzial, clinical aspects of 
(ab), 495 
SHOCK hazard, electric, in hospitals (ab) 725 
SHUNTS, surgical lymphaticovenous, in patients with 
secondary lymphoedema (ab), 960 
SIALOGRAPHY, submaxillary, in combination with 
pneumoradiography and tomography, 692 
SICKLE CELL anemia, childhood, roentgen chest 
findings in; new vertebral body finding, 838 
SIGN, collateral vein, in renal neoplasia (ab), 955 
SILICOsIS, pulmonary, severe, scintigraphy of lungs 
in (ab), 717 
SINUS, Cavernous, venography, 57 
sphenoidal, postnatal development of, and its 
spread into dorsum sellae and posterior 
clinoid processes, 177 
superior sagittal, chronic benign thrombosis of 
(ab), 245 
SixTY-NINTH annual meeting of American Roentgen 
Ray Society (E), 914 
SMALL bowel, normal, study, small intestine transit 
time in, £22 
intestine, use of barium sulfate suspensions in 
diagnosis of acute diseases of, 505 
SopiuM, total body, by whole body neutron activa- 
tion in living subject: further evidence for 
non-exchangeable sodium pool (ab), 962 
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SPHENOIDAL sinus, postnatal development of, and 
its spread into dorsum sellae and posterior 
clinoid processes, 177 
SPINAL-CORD compression in untreated adult cases 
of vitamin-D resistant rickets (ab), 956 
injuries, cinecystourethrography in patients 
with, 375 
SPINE, motion of lumbosacral, after laminectomv 
and spine fusion: correlation of motion with 
result (ab), 957 
SPLEEN irradiation in secondary hypersplenism, 668 
rupture of, application of splenic arteriography 
in diagnosis of, 662 
scanning with indium 113m labeled colloid, 674 
SPLENIC arteriography, application of, in diagnosis 
of rupture of spleen, 662 
SPONGE kidney, medullary: clinical appraisal and 
report of twelve cases (ab), 494 
SPRUE, intussusception in, 525 
STEREOANGIOGRAPHY; simple system, 220 
STEREOSCINTIPHOTOGRAPHY (ab), 962 
STOMACH, rupture of, following oxygen therapy by 
nasal catheter: report of case and review of 
literature (ab), 252 
SUBARACHNOID SPACE, cranial, experimental investi- 
gation of shake emulsions of radiopaque 
oils in (ab), 950 
intrasellar, manifestation of: 
turcica (ab), 245 
SUBCLAVIAN steal syndrome (ab), 958 
SUBDURAL HEMATOMA and effusion in infancy (ab), 
949 
infantile, angiographic demonstration of "brain 
stain" in, 66 
SUPERIOR sagittal sinus, chronic benign thrombosis 
of (ab), 245 
SUPRACLINOID segment, kinking of, of internal 
carotid artery over neighboring anatomic 
structures in acute and subacute intra- 
cranial mass lesions, 75 
Swans, surgical, x-ray detectable (ab), 72: 
SYNCHONDROSIS, intersphenoid, 184 
SYNDROME, Chediak-Higashi (ab), 960 
empty sella, 168 
Hurler's, clinico-radiologic aspects of (ab), 496 
of bilateral pheochromocytoma, medullary 
thyroid carcinoma and multiple neuromas: 
possible regulatory defect in differentiation 
of chromaffin tissue (ab), 954 
of "normal pressure hydrocephalus,” analysis of 
cases with application to; communicating 
hydrocephalus resembling cortical atrophy, 
150 
subclavian steal (ab), 958 
Zollinger-Ellison, detection of: 
responsibility, 529 


"empty" sella 


radiologist’s 


TECHNETIUM ggM and mercury 203, comparison 
brain scanning with (ab), 246 
tissue and tumor concentrations of, as per- 
technetate, 145 
TECHNICAL exhibits, 933 
TErLowN-coated safety guides; adjunct to use of 
polyurethane catheters, 223 


e» d.) 


974 


needle catheter, use of; arterial placentography 

by simplified technique, 403 
TELEVISION-Aluoroscopy and cine-fluoroscopy, newly 

assembled cystoscopic table with (ab), 955 
TENDINITIS, rotator cuff (ab), 958 
TERTIARY contractions, cause of, and 

disturbances of esophagus, 617 
Tuomas, Charles C, 1882-1968 (E), 700 
Tuoracic aorta, acute traumatic rupture of, 408 
'Tuonornasr, long-term hazards of (ab), 957 


related 


TuvRoip carcinoma, medullary, bilateral pheo- 
chromocytoma and multiple neuromas, 


syndrome of: possible regulatory defect in 
differentiation of chromaffin tissue (ab), 
954 
great, renal-cell 
(ab), 956 
TomoGrapuy and pneumoradiography, submaxillary 
sialography in combination with, 692 
lateral projection in, of petrous pyramid, 194 
TRACHEAL displacement as sign of esophageal ob- 
struction in infants and children, 603 
TRACHIECTASIS, cuff (ab), 247 
TRANSCRICOTHYROID membrane selective bronchog- 
raphy, percutaneous; simple, safe technique 
for selective catheterization and visualiza- 
tion of segmental and subsegmental bron- 
chi, 792 
TRANsrT time, small intestine, in normal small 
bowel study, 522 
TRANSJUGULAR, percutaneous, approach to adrenal 
venography, 380 
Tricuspip valve, bacterial endocarditis limited to 
(ab), 252 
Truncus arteriosus, persistent, roentgenologic find- 
ings and approach to, in infancy, 440 
Tusperous sclerosis: neuroroentgenologic observa- 
tions, 171 
Tumors, bone, treatment of primary and metastatic, 
by repetitive freezing (ab), 965 
of carotid body, carotid arteriography in diag- 
nosis and management of, 893 
of pons cerebelli, angiography of vertebral artery 
in diagnosis of; preliminary report (ab), 950 
renal, small, detection of, 335 
TwELFTH International Congress of Radiology (E), 
698 


Tor, carcinoma metastatic to 


Ucanpa, differential diagnosis of malignant mel- 
anoma of feet in (ab), 961 
UrLcER, gastric, roentgenologic and gastrocamera 
examinations in differential diagnosis of, 
598 
ULCERATIVE colitis engrafted upon diverticulitis; 
evolutionary case history, 551 
colitis in elderly patient (ab), 492 
colitis roentgenographic evaluation of rectal 
valves of Houston in normal and, 580 
diseases of colon, plain abdominal film roent- 
genographic diagnosis of, 544 
UrrRAsOUND, diagnostic, associated with Depart- 
ments of Radiology (ab), 960 
method, Doppler, for diagnosing lower ex- 
temity venous disease (ab), 959 
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Upper extremity, chromolymphography of (ab), 724 

URETER, unusual foreign body in (ab), 721 

UnETERAL diverticulosis, 364 

UnETERIC volume, transported, determination of, 
in dogs by cineroentgenologic analysis, 366 

Urinary bladder, pheochromcytoma of (ab), 954 

URocRAPHIC contrast medium, delayed concentra- 
tion and prolonged excretion of, in first 
month of life, 289 

UnocRAPHYv, potentiated, in "excluded kidney” 
(ab), 718 

UTERINE cervix, results of radiotherapy of carcinoma 
of (ab), 961 

Urerus, radionuclide imaging of, with special refer- 
ence to pregnancy (ab), 723 


Van Bucuem’s disease (hyperostosis corticalis 
generalista familiaris): case report (ab), 246 
VASCULAR lesions in head injuries (ab), 949 
VASOCONSTRICTIVE anuria, unilateral (ab), 720 
Verns of posterior fossa-anterior or petrosal draining 
group, 36 
VENA CAVA, inferior, plain film findings in azygos 
continuation of, 452 
VENIPUNCTURE technique, brachial arteriography of 
surgically created radial arteriovenous 
fistula in patients undergoing chronic 
intermittent hemodialysis by, 394 
VrENoGRAPHY, adrenal, demonstration of adrenal 
metastases by (ab), 954 
adrenal, percutaneous transjugular approach to, 
380 
cavernous sinus, 57 
orbital, 29 
Venous disease, lower extremity, Doppler ultra- 
sound method for diagnosing (ab), 959 
intravasation of barium enema; report of case 
(ab), 952 
VENTRICLE, lateral, choroid plexus meningioma of: 
two cases demonstrated by brain scanning 
(ab), 257 
left, traumatic pseudoaneurysm of, 413 
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Theres nothing new about Dual Head Scanners... 
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Six years of proven clinical effec- 
tiveness with Dual Head Scanners, 
has brought one fact to light... 
don't plan the obsolescence of your 
radioisotope scanner before you " 
purchase one. 
The Model 54FD Dual Five is the 
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scallop-free photoscans. The 500 ! bi 

cm./min. maximum scan rate pro- i 1 | pos | 

duces two opposed, simultaneous i 1 (e 
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photoscans before most other units 
have barely completed the first view. 
An exclusive miniscan system allows l 
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a whole body scan to fit on a single | l " Sah d 

14" x 17" film. A self-contained pa-  , " "n 
tient couch affords the patient com- | Hf t J 
fort, with no need for additional , T it 


movement. 1 
The Model 54 may be purchased 
as a single head unit, and can be 
converted to a Dual Head unit right 
in your department. 
Optional accessories include an 
inexpensive positron counting cir- 


cuit and a two-isotope subtraction '! " rot | ! 
circuit. i ve Vite 
! | 
Write for the NEW Dual and eu T 


Single Head, Five and Eight Inch 
Radioisotope Scanner Brochure. 


ohio-nuclear, inc. 
1725 Fall Avenue, Cleveland, Ohio 44113 (216) 621-8142 
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The American Journal of 
Roentgenology, Radium Therapy 
and Nuclear Medicine 


Volumes 79-88 (1958-1962) 


Covers some 8,000 pages of original papers, 
editorials, biographical sketches, and ab- 
stracts of both domestic and foreign jour- 
nals published in THE AMERICAN JOUR- 
NAL OF ROENTGENOLOGY, RADIUM 
THERAPY AND NUCLEAR MEDICINE 
for the years 1958-1962. 
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sult the Journal during this five-year period. 
Increases the usefulness of your set of jour- 
nals a hundred-fold. 
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Has Been Printed 


Order Your Copy 
NOW 
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This is M.E.L. 
Standard Equipment for... 





* The worlds 
most advanced 
Linear Accelerator for 
world users. 





A service that starts with your enquiry and involves 
experienced, trained men who'll come to you, anywhere in 
the world, to discuss your particular requirements — and 
make sure that the SL75 is tailored to meet them. — 


















A service that includes advice on siting and 
installation. A service that continues long after 
you're operational — and treating up to 
90 patients a day — with new technique 
information. 


18 years of unrivalled experience is 
built into the M.E.L. SL75, the most 
reliable, precision engineered Linear 
Accelerator available. Already selected by 
hospitals in Australia, Sweden, Holland, 
Malaysia, U.S.A. and throughout 
the United Kingdom. 


Join them. Start by writing for the informative booklet. 


OOO 


The M.E.L. Equipment Company Limited. 
Manor Royal, Crawley, Sussex, England. Crawley 28787. 


The Sagittaire is an advanced high en- 
ergy linear accelerator designed for deep 
radiation therapy. It is now being pro- 
duced by Raytheon for use in the U.S.A. 
and Canada. 

Currently operating successfully in 
France, the Sagittaire was originally de- 
veloped by CSF (Compagnie Generale de 
Telegraphie Sans Fil of Orsay, France). 

Sagittaire is capable of delivering both 
electrons and X-rays at high energies and 
high dose rates over large area, high qual- 
ity fields. 

For complete information about the 
Sagittaire high energy linear accelerator, 
write: Raytheon Company, Accelerator 
and Equipment Operation, 190 Willow 
Street, Waltham, Massachusetts 02154. 


Sagittaire- 
a high ene 


Specifications— 
X-ray energy: 7 to 28 MeV 
Electron energy: 7-32 MeV 
Dose Rate: Variable to 400 rads/ min. 
Field Sizes: Min. 2x2 cm to Max. 40x40 cm 
Field Flatness: X-ray < £3.0% 
Electron < +5.0% 
FSD: 105 cm + 0.2 cm to Isocenter 
Focal Spot Size: 3mm, minimum penumbra 
Rotation: 360° isocentric 











Progressive bilateral numbness, weakness, and muscle atrophy that had been 
present for one year in a 57-year-old man was attributed to cervical spondylosis. A 
myelogram using 12 cc of PANTOPAQUE [Iophendylate Injection] demonstrated 
the large defect at the level of the fifth cervical vertebra. The patient recovered 
rapidly following laminectomy and posterior decompression of the fifth cervical 
spinal nerve roots. 


“PANTOPAQUE” is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized in the laboratories of Eastman Kodak 
Company and prepared as the myelographic contrast medium 
lophendylate Injection, U.S.P., by Lafayette Pharmacal Inc. The 
trademark serves to indicate to the radiologist continuity of experi- 
ence in the manufacture of this medium. 
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FLUORICON 


COMPACT-VIDEO IMAGE INTENSIFIER 
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Critically 
Precise 
Fluoroscopy 



























The Fluoricon Compact-Video image intensifier combir 
a conversion factor of 80 and maximum detail with TV 
monitoring. The Relicon TV system is designed express 
image intensification and clearly reproduces the total 
information available on the intensifier tube. The 
compact size and light weight of this unit make it easy 
position without power assistance. Optional 

additions to the Fluoricon Compact-Video include: 
70-mm spot-film camera with automatic exposure 
control and video tape. 


Continuous reliability for every viewing and recording 
technic is a major advantage of the entire G | 
Electric line of image intensifiers — full-function 
Fluoricon II, Compact-Video or Compact-Optical. For 
accuracy, reliability and convenience, they are the fines 
diagnostic performers on the market. When there's no 
room for error, there's room for Fluoricon 


Progress /s Our Most /mportant Product 


GENERAL € ELECTR 
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X-RAY DEPARTMENT e MILWAUKEE, WIS. 5320 





COMPACT-OPTICAL FLUORICON II 





31 YEARS 


of integrity have helped us 
to become America's largest buyers of 


USED X-RAY FILM 


e We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


e We remit in advance if desired, or promptly after receipt 


and tally of the value. 


e Write for prices today. We will send shipping labels and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


3201 Old Glenview Road, Wilmette, Illinois 60091 
Warehouse: 740 Northwestern Avenue, Chicago, Illinois 60612 














Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 





Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them ''Vigilant Volumes''; they 


so carefully store and provide on instant notice so much knowl- | 


edge of timely value. 


The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.45 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes'' are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, and remittance, at $5.45 per volume. Within 
45 days after receipt, bound volumes will be shipped to you pre- 
paid. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 60624 














PARTNER REQUIRED 


FOR A VERY LARGE, WELL ESTABLISHED, RAPIDLY EXPAND- 
ING FIRM OF RADIOLOGISTS. PLEASE REPLY TO THE SEC- 
RETARY, P.O. BOX 4878, JOHANNESBURG, SOUTH AFRICA. 


HANLEY ECONOMY 14 x I7 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 
QUALITY AT LOW PRICES 
Vertical Filin 


We Build Special Size X-Ray Cabinets 
SPECIAL SIZE, 33 H x I9'2 D x 40 W, W/DOORS 


OMPARTMENT SIZE—DIVIDERS 14 x I7 ............ $119.00 
OMPARTMENT SIZE—DIVIDERS 14 x 17 ............ .00 
PPROVAL GUARANTEED—F.0.B. FACTORY—CATALOGU 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-ray Division St. Louis, Mo. 63111 


In reply to advertisers please mention that you saw their 
advertisement in 


THE AMERICAN JOURNAL OF ROENTGENOLOGY, 
RADIUM THERAPY AND NUCLEAR MEDICINE 


CHARLES C THOMAS © PUBLISHER 
Springfield . lllinois 





— —3 Announcing the 
| Pakorol-XU... ine 


newest processor for x-ray film... 
already more than a year old. 
(That’s how long it has been tested 
in hospitals, clinics and offices.) 
In just a little over 5 square 

feet of light area, it produces 
unequalled quality results... 

in as little as 90 seconds. The 
Pakorol-XU can be adapted 

to other standard processes, too. 





The new transport system uses paired rollers— 
one hard, one soft. Their squeegee action 

ee eliminates film streaking. The 
NN dryer dries films thoroughly 

at low temperature—a must 
for quality RP film. It eliminates heat marking. For the 
operator’s convenience, controls are on an eye-level panel. 
And to really simplify mainte- à 
nance, all plumbing and electrical L 
components are easily accessible | 


by removing one panel below 
the feed table. 












- 

| PAKO CORPORATION 

| 6300 Olson Memorial Hwy. » Minneapolis, Minn. 55440 

, D , 

There s much more. If you (or vour department) process | Please rush ine complete tatormation on tha New 
radiographs, you must see the new Pakorol-XU. Ask your | Pakorol-XU 
Pako Distributor or send the coupon for more information. | 

| 

| 

| 

| 

| 

| 

| 

| 
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i Hosp/Clinic/Office 
PAKO CORPORATION! 
6300 Olson Memorial Highway, Minneapolis, Minnesota 55440 Cu 


—— - 
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ADDRESS 





7 Processing Systems for the Photographic, Graphic Arts, 
dis ™ | ) 
DN d Motion Picture, Medical and Industrial X-Ray Industries. 


CITY. 1 — STATE ZIP 
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Hind Barium Products 
Subsidiary of Barnes-Hind Pharmaceuticals, Inc 


D^ 
c 
= 
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Calif. 94086 


Sunnyvale 





The no-mix. 


We took the construction work 
out of barium sulfate. 

We premixed it into a smooth, 
creamy, instantly ready esopha- 
geal contrast medium. 

Before, coating was often a 
hit-or-miss operation ('home- 
brewed’ barium can be too thin, 
too thick or just plain settled 
out). 

Not anymore. 

Now, in seconds, you can pho- 
tograph your patient’s esopha- 
geal tract...easily take 3, 4, even 
5, plates after an initial dose. In 





many patients the coating of 
Esophotrast lasts up to 15 min- 
utes (ample time for fluoroscopy 
and radiography of the esopha- 
gus and evaluation of heart size). 

Now you don’t have to cajole 
your patients into drinking cup- 
ful after cupful of barium...the 
1 oz. of Esophotrast, usually all 
that's needed, is nongritty and 
fruit-flavored-a really pleasant 
medium to take. 

And it's just a squeeze of a tube 
away. 


So why mix your own? 


Esophotrast 


(barium sulfate) 
Instantly ready esophageal cream 


Recommended dose: 1 tablespoonful “chewed” thoroughly 
before swallowing. Repeat with a second tablespoonful to ensure 
prolonged adherence and coating of the esophageal mucosa. 


KODAK HAS THE 
90-SECOND X-RAY FILM: " 


THAT WORKS IN 
RAPID CHANGERS. 





KODAK RP/S FILM 





Kodak has improved the emulsion port reliability in rapid changer: 
design of RP/S X-OMAT Medical | you ve always needed. Yet, you 
X-ray Sheet Film to give the trans- still have 90-second processing 





convenience and efficiency. 
This is further evidence of the 
continuing efforts of Kodak to 


reline and expand the KODAK 


RP X-OMAT? System and all its 








complements. Everything from the 
wide choice of x-ray films to im- 
proved long-life chemistry and 
the 90-second KODAK X-OMAT 
Processor itself. 

To try the latest KODAK RP/S 
Film, contact your Kodak Techni- 
cal Sales Representative. He'll 
arrange a demonstration of 
the 90-second film designedto 4 
give transport reliability in 
properly adjusted rapid 


film changers. — BC 







EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, New York 
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This generator stays on the jol 


Keleket brings you second generation HARLE¢ 
solid state X-ray controls with the advanced tec 
nology of integrated circuits and a 24 month wá 
ranty — another industry first. 


For the full story on the Harlech by Kelek 
call your local representative. 


zE |KELEKET 


A Division of Laboratory For Electronics, Inc. 
WALTHAM, MASSACHUSETTS 02154 
Medical X-ray Equipment e Accessories and Suppli 





~ 
ADVANCES IN DY- 


NAMIC RADIOAC- 
TIVE SCANNING 


Compiled and edited by Yen Wang, 
Univ. of Pittsburgh, Pennsylvania. 
(10 Contributors) Newly developed 
techniques and applications in dy- 
namic scanning with radioactive nu- 
clides are described. Various possible 
future development and applica- 
tions in the usage scanning system, 
theoretical and technical considera- 
tions of high resolution gamma 
image scanning, and information 
theory applications in radioisotope 
scanning are discussed. Some recent 
applications of thyroid scanning 
using gamma camera, parathyroid 
scanning, and pancreatic scanning 
are included. A separate chapter is 
devoted to recent progress made in 
radiopharmaceutical development. A 
contributory and referential note to 
the growing field of dynamic scan- 
ning using radioactive preparations. 


1968 
$8.50 


140 pp. 
101 il. 


SOLITARY 
METASTASES 


By Philip Rubin, Univ. of Rochester 
Medical Center, New York, and 
Jerold Green, Zellerbach Saroni 
Tumor Institute, Mount Zion Hos- 
pital, San Francisco. Special con- 
sideration is given to such sites as 
lungs, liver, brain, lymph nodes, 
and bones. Diagnostic work-ups are 
outlined in a pragmatic fashion so 
that they form the basis for treat- 
ment. An analysis of experimental 
data in animals and clinical investi- 
gations provides a schema of “the 
steps of metastasis” formations. The 
complex sequence of events provides 
a basis for understanding currently 
tried and future approaches to con- 
trolling metastases. (Amer. Lec. 
Radiation Therapy edited by Mil- 


ton Friedman). 


1968 


268 pp. 
$14.75 


153 il. 


CERVICAL SPONDY- 
LOSIS AND ITS 
NEUROLOGICAL 
COMPLICATIONS 


By Bernard H. Smith, State Unio. 
of New York at Buffalo. Anatomy, 
pathology and pathogenesis, symp- 
tomatology, course and prognosis 
have been reviewed in detail. Diag- 
nosis and differential diagnosis are 
fully discussed with particular atten- 
tion paid to the radiographic find- 
ings. ‘The rationality of various 
forms of therapy in present use is 
considered and the importance of 
adapting treatment to pathogenesis 
and morbid anatomy rather than to 
symptomatology is stressed. The re- 
sults of various forms of treatment— 
conservative and surgical—are criti- 
cally evaluated.’ A series of radio- 
graphs and line drawings have been 
included to illustrate the normal 
and pathological findings. 


1968 240 pp. (634 X 934) 
$12.00 101 il. 


NEW 
BOOKS 
FOR 


YOUR 
MEDICAL 
LIBRARY 





PEDIATRIC HEAD INJURIES 


By John Mealey, Jr. Indiana University School of Medicine, 
Indianapolis. Discusses their inception, clinical management and 
prognosis. Clinical methods of diagnosis are stressed. ‘The indica- 
tions, important technical aspects and usefulness of ancillary diag- 
nostic procedures—roentgenography, echoencephalography, angi- 
ography and other tests—are fully described. Extradural hemato- 
mas are discussed at length. Subdural hematomas, their unique 
features, prevalence and present methods of treatment are criti- 
cally analyzed. (Amer. Lec. Living Chemistry edited by I. Newton 
Kugelmass). 
1968 


260 pp. 
$10.50 


59 tl. 


INTRODUCTION TO MEDICAL 
DECISION MAKING 


By Lee B. Lusted, Loyola Univ. Medical Center, Hines, Illinois. 
Begins with a discussion of Bayesian statistical inference illus- 
trated by medical diagnosis examples. ‘The use of conditional 
probability, likelihood ratios and Bayes' Theorem is presented 
subsequently for the diagnostic study of congenital heart disease, 
primary bone tumors, thyroid function, Cushing's syndrome, he- 
matologic diseases, benign versus malignant gastric ulcers, and 
medical screening tests. 
1968 


296 bp. (634 X 934) 
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the 

people 

who agree 

our illuminators 
are the finest, 
brightest, 


most dependable 
illuminators 


available 
are our customers! 


When it comes to talking about illuminators, our 
customers are our best salesmen. Like all men of 
science, they insist on facts and proof... and they 
agree that Wolf's illuminators have proven themselves 
where it counts . .. under actual daily usage. Wolf's 
illuminators are consistently above standard, designed 
with care to provide the controlled uniform light so 
vitally needed for critical diagnosis. They're light, 
durable and versatile . . . see your dealer... he'll prove 
Wolf has an illuminator that will exceed your most 
exacting demands day after day after day! 


WOLF X-RAY CORPORATION 


NEW YORK € CHICAGO € LOS ANGELES e TORONTO 
Executive Offices: 182-20 LIBERTY AVENUE, JAMAICA, NEW YORK 11412 
AFFILIATES: WOLF DENTAL FILM MOUNT CORP. e WOLF RADIATION PROTECTION CORP. 





season’s greeting from all of us at PICKER X- 





